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TH 


E ELEVATING DECK FERRY STEAMER 
FINNIESTON. 


Our illustrations show a ferry steamer of unique de- 
sign recently constructed for the Clyde Navigation 
Trust, by Messrs. William Simons & Co., Renfrew. 
The main feature of the steamer is an elevating deck, 
which can be raised or lowered by bevel and worm 
gearing, so that at any state of the tide the deck may 
be brought to the same level as the quay for the ship- 
ment of horses, vehicles, or railway wagons. The ves- 

four screws to give her great maneuvering facil- 
The vessel is now at work at Finnieston, in Glas- 
gow Harbor. 

The steamer Finnieston is 80 ft. long and 43 ft. broad. 
The width of the deck is 
the same from end to end. 
The depth amidships is 12 
ft., and the draught when 
fully laden is 94g ft. The 
hull is built of steel and is 
covered by a decking of 


from this elevation the vessel is manipulated, there 
being also telegraphic communication with the engine 
room. This erection, however, was not in position 
when the photo. was taken from which our engraving 
has been made. There is also steering gear on the 
part of the deck not affected by the bridge. 

The machinery for propelling the vessel and for 
operating the elevating deck is placed in one compart- 
ment in the center of the vessel under the permanent 
deck, while the boilers are at either side under that 
me of the deck not affected by the elevating plat- 
orm. 

There are two horizontal tubular boilers 7 ft. in dia- 
meter, by 7 ft. 6 in. long, constructed of Siemens- 

















iron. Internally it is di- 
vided by thirteen bulk- 
heads, five of them trans- 
verse. The machinery is 
placed in the center of the 
vessel, while at either side 
isa boiler. Under this deck 





























also is fitted the accommo- 


| carry the wheel house witb steain steering gear, and led according to the weight of the load to be rais- 


ed or lowered. ‘The elevating deck may be rais- 
ed 14 ft. 
The engines are all fitted with Brown’s patent steam 
and hydraulic starting and reversing gear, to insure 
promptitude. The air and circulating feed and bilge 
| pumps are worked independently of the main engines, 
lowing to the short time these are at work. In the 
event of either set of engiues being disabled, provision 
has been made whereby the remaining set may propel 
| the vessel. The collective horse power of the propel- 
| ling engines is 320 indicated. 
| A rudder has been placed at each end of the vessel, 
and each rudder has a movable lock bar to keep it in 
| position when the other is being used. The twin pro- 
pellers at either end are 
protected by three rods so 
placed to prevent met 
ropes becowing entang) 
with the rudders. 

The vessel has accommo- 
dation for about 800 pas- 
sengers, besides eight load- 
ed carts with horses, or the 
same number of passengers 
with four loaded lorries 
and three loaded carts, or 
for 600 or 700 passengers 


only. 
The distance between 








dation for the crew. 
Theelevating deck, when 
in its lowest position, rests 
on this iron decking, while 
the sides are clear for the 
funnels, for auxiliary steer- 
ing gear, etc. The elevat- 
ing deck is 78 ft. long, and 
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the two quays at Finnie- 
ston, between which the 
ferry plies, is 470 feet. By 
means of the four screws it 
can turn in its own length 
in less than a minute.— 
Engineering. 


THE JET PROPELLER. 





its extreme breadth is 32 
ft. The central part, as 











shown in the cross section, 
Is 19 ft. wide, being laid out 
for vehicles, and the 6 ft. 
on each side are reserved 








for passengers. The verti- 





cal screws carrying the ele- 
vating deck are supported 
by six columns, each form- 
ed of two box girders 12 in, 
by 14 in. channel section, and these are2 ft. apart. They 
are riveted to the deck by angle irons 6 in. by 6 in. by 
5gin. In the space intervening between the box gir- 
ders forming each column isan upright buttress screw 
7 in. in diameter, and on turning it by bevel gearing, 
the platform is moved up ordown. The screws are 
of forged steel, and at bottom there is a flange socket, 
by which they are secured to the deck with seven bolts. 
At the top the serew works in a manganese bronze cas- 
ing. bolted to the inside of both columns and placed 
so that the platform may rise 14 ft. The nut is in- 
closed in a steel casting fitting between the box gird- 
ers forming the columns and having several guide bars 
working against the girders and keeping the nut box in 
position. 

The nut is of manganese bronze. The platform is 
supported on two fore-and-aft girders, and these rest on 
and are bolted to the nut casting. These girders are 
of I section, 1344 in. deep, and are of channel iron. 
Resting on the part of the nut casting to the outside of 
the box girders are girders of similar construction for 
the wings for passenger 
traffic. There is an iron 
casing to protect passen- 
gers from the vertical 
screw. The cross girders 
carrying the elevating 
platform are 9 in. by 5 in., 
of I section, and are at 8 ft. 
centers, The platform for 
vehicular traffic is of pitch 
pine, cross-cleaded with 
elm planking, and two 
lines of rails are laid from 
end to end for railway 
wagons, 

_The box girders on each 
side of the vessel are con- 
structed at the top by a 
girder I section, 12 in. by 
6 in, of steel, and from it 
are side struts of similar 
size secured to the deck at 
the gunwale by rivets, and 
having a large knee joint 
connected with angle irons. 
The diagonal tension brac- 
ings of the side struts are 
connected on a center ring 
and are screwed up with 
nuts. Forward and aft the 
struts are carried to the 
deck as at the sides, while 
cross girders connect the 
port upright girders with 
those on the starboard 
side, as shown on the cross 
section. It may in this 
connection be mentioned 
that the center cross girder 
Nas been strengthened to 
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Martin steel and to the Board of Trade requirements, 
for a working pressure of 150 lb. to the square inch. 
Each boiler has one furnace and the heating surface is 
1,100 square feet. There are three sets of triple expan- 
sion engines, all of the same design and size, and all 
| placed horizontally. They have each cylinders 9 in., 
| 1446 in., and 24 in. in diameter respectively, with a 
| piston stroke of 18 in. Two of the sets are placed 
;athwartship, one driving a line of shafting running 
fore and aft ana operating the port screws at both 
ends of the vessel, while the other drives the shafting 
for the starboard screws. The third set is placed be- 
tween the two propelling engines, and lies with pistons 
working in a fore and aft plane, driving a ee of 
shafting ranning athwartship, and connecting through 
spur and bevel wheels with two lines of fore and aft 
shafting, of wrought steel 417 in. in diameter. seared 
on their respective sides to each of the vertical screws 
for raising or lowering the platform. The gearing 
wheels are wostly of gun metal. The gearing 
is so designed that a variation of speed can be obtain- 





A MEETING of the Insti- 
tute of Marine Engineers 
was held in the Langthorne 
Rooms, Stratford, on the 
evening of September 16. 
The chair was occupied by 
Mr. G. W. Manuel, gen 
dent, who introduced the 
subject of the evening in a 

few preliminary remarks, and then called upon Mr. 
J.R. Ruthven to read a paper on “ Water Jet Pro- 
pulsion:” 

Of all the great work carried out by the engineer, 
you will agree with me that the work of the marine 
engineer is the grandest, and carried out, from first to 
last, under the greatest difficulties, 

With all our advance in design and workmanship, 
we are often painfully wade aware of defects in our 
modern screw steamers. 

One of the most serious is the feebleness of the power 
to stop a ship, and this in many cases is the cause of 
collisions. 

Another defect is the difficulty of preventing, in 
some weathers, the racing of the engines, and thereby 
causing or leading to breakdowns sooner or later. 

Another and perhaps the most alarming accident 
that can take place in a wodern ship is the breaking 
of the main shaft. 

A broken shaft occurs so often that one is driven to 





inquire the cause, when it is soon evident that the 
modern screw engine of 
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great power, subject to 
quick reversals of motion, 
and to great variations of 
load, coupled with un- 
known bending strains, is 
eminently fitted to break 
shafts, no matter of what 
size or of what material. 

The long shafting of the 
modern screw engine is a 
great source of trouble, 
chiefly from the move- 
ments of the hull; so much 
so, that the shafting ma 
be said to be always bend- 
ing, and this is one of the 
causes of broken shafts. 
At all times it is a source 
of anxiety to those in 
charge, especially in steel 
ships, which yield so readi- 
ly to the strains to which 
they are subjected. 

Ag then, we have the 
key-note to a great im- 
provement. 

We find that a land en- 
gine shaft, having a con- 
stant load, and moving in 
one direction, will run for 
a great number of years. 
Can this be done with a 
marine engine ? 

I propose to lay before 
you some of the properties 
of the water jet propeller ; 
a system of propulsion 
which promises to remedy 
most of the known defects. 
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It is not a novelty, indeed it is the first recorded we- 
thod of propulsion after oars. 

l may rewark that the mode of propulsion of some 
of the oldest forms of marine creatures, the octopus, 
the cuttle fish, and others, is by means of a jet of 
water forcibly discharged. 

The water jet propeller is a continuous jet of water, 
discharged in the opposite direction to that in which 
the ship is required to go. 

There has been much confusion of ideas as to the 
fundamental nature of the water jet propeller. 

The performance of a rocket in its flight is perhaps 
the best illustration. Here we have an internal force 
producing motion by the unbalanced pressure of the 
explosive mixture. 

his system of propulsion did not attract attention 
until it was applied by means of a pump which gave a 
continuous jet ; and this was first done by my father 
and grandfather over fifty years ago. 

In marine propulsion our first object should be safety; 
second, comfort; third, speed; and fourth, economy. 
I place safety first, as few will dispute the value of life. 

Here we have aJfpropeller, powerful in stopping a 
ship, powerful in pumping out water accumulating 
from a leak, able to steer the ship without a rudder, a 
propeller that cannot race, one that can put out any 
fire, and one that cannot be fouled. 

The power to avoid collision, by sudden stoppage 
and reversal of the ship’s headway, is a power of chief 
importance. This power has been often proved with 
the water jet. With higher speed it becomes more im- 

rtant. Even in foggy weather a vessel might safe- 
y travel when the officer could see a ship's length 
ahead. In passing I may remark that the great stop- 
ping power is a proof of the efficiency of the water jet 
as a propeller. [ need not point out the value of quick- 
ly stopping and backing in the case of a wan over- 
board ; while, with the great power of turning, there 
will be very little danger through loss of steerage way. 
For quickly stopping and reversing the motion of a 
ship fitted with the water jet, reversing the discharge 
of the jets is all that is required; and I have seena 
ship propelled by the water jet brought to rest from 
full speed in her own length. 

The ship can be propelled astern with the same force 
as ahead; this is not the case with the screw. Great 
speed, without the power of stopping quickly, is sim- 
ply courting disaster. 

uman eyesight and judgment have comparatively 
narrow limits; and if the largest ship at the highest 
ssible speed cannot be stopped to order in less than 
,000 feet, we are liable any day to hear of a great 
wreck. 

Many good ships have been lost by collision, and 
probably this has been the fate of many that have 
not been heard of. 

An iceberg, a waterlogged ship, or other heavy ob- 
stacle wust prove fatal in many cases. And when we 
consider that the most appalling wreck is vet ip the 
future, if we continue to go fast without the power of 
quickly stepping, this point becomes one of constantly 
increasing importance. 

Our common road carriages and railway trains are | 
all now fitted with means of quickly stopping. How 
much more important. is it at sea! where the freights 
are larger and more valuable, as to the human and the 
material respectively. 

With such a power on board a ship, all voyages 
would be more rapid, for the delays due to caution are 
considerable. Our quick train service is greatly due to 
the brake power. 

In the water jet we have a propeller which is also a 
means of pumping out the ship and propelling her at 
the same time. 

The necessity for a bilge pump on board ship is so 
evident, and the necessity for a powerful one is also so 
evident, that I am surprised that it is not yet compul- 
sory to apply more power to pump out the bilges when 
occasion requires. 

With the jet propeller the pumping power is the 
whole power of the engines, and may be at the rate of 
2,000 tons per minute—120,000 tons per hour or more. 

There have been cases where a ship is said to have 
sunk in a few minutes after a hole has been made in 
her plates. 

It is quite possible, with the water jet propeller, to 
arrange to keep aship afloat which would otherwise 
sink in five minutes. And not only float, but to propel 
her on her voyage ; so that she would be safe, although 
leaking continually 








The power to stop quickly and the power to pump | 
out a large quantity of water should be compulsory in | 
all steamships. Make the ship safe, that is the best 
life-saving apparatus. 

With the water jet propeller the ship can be navi- 
gated in the case of a damaged rudder. | 
In the going astern there is no difficulty, as often 
occurs with a screw ship. Again, no screw aperture 
being necessary near the rudder, steering by the rud- | 
der is much wore certain and effective. 

As regards turning, I have seen a ship, fitted with | 
the water jet, turn on her center; that is, in her own 
length. The quickest way and smallest space was by | 
using one jet ahead and the other neutral. 

The power to turn without going ahead or astern is | 
valuable in some cases. 

The movements required to control the discharge of 
the jets may be made from the deck, or from the en- 
gine room, or gear may be fitted in both places. 

The discharge of the water both above and below | 
the water line has been tried, and the effect was prac- | 
tically the same. Hence, rolling and pitching will 
have little or no effect, and there can be no racing due 
to the position of the discharge pipes relative to the 
surface of the water. 

So long as the bottom of the ship, amidships, is in 
the water, so long will the pump draw, and send out 
a continuous stream of water with a practically con- 
stant flow, and so have a practically constant pro- 
pelling effect. 

In the case of tire—one of the chief terrors at sea— 
the enormous quantity of water that can at once flood 
any part of the ship must put out any fire. 

In the case of obstructions to the screw propeller, 
of floating wreckage, ropes, timber, or other obstacles, 
the value of the water jet stands out in great con- 
trast to any propeller having a moving part outside 
the ship. 

With the water jet propeller there is no vibration. 
For high speeds this is of great value, not only to the 





comfort of the engineers and passengers, but the life 
of the engines and ship will be longer. 

Regarding s , there can be no limits except the 
power which the ship can carry. 

For use with sails the water jet is most perfect, as 
full use of the sails can be taken, while the water jet is 
independently doing its work. The two modes of pro- 
pulsion do not interfere with each other, as they un- 
doubtedly do in the case of the screw. 

In a head wind the loss of the screw is great. With 
the water jet the loss is much less, the force on the 
ship being greater the slower she goes. 

In towing, the pull is greater for same I. H. P., so 
that in the case of a vessel on a sand bank, she could 
more easily get off than with the screw. The power 
of quickly stopping proves this. 

With the water jet a eee the speed of the ship 
may be varied, and the direction ahead or astern, or 
turning to port or starboard, may be effected with one 
continuous speed of engine. 

There is no heavy stern frame required, so that 
the ship builder will have some saving in cost, 
and the ship relieved from the heavy weights astern. 

By taking away the screw aperture the ship may be 
made that much shorter, or have greater displacement, 
and with the same fineness of lines aft. 

With regard to the exact economy in smooth water 
as a propeller the trials hitherto in some cases gave 
results superior to the screw, in other cases below the 
screw. 

But taking all the evidence on the best authority I 
know on this subject, I am convinced that in smooth 
water the economy of the jet propeller will probably 
be 30 per cent. above the screw, while in some cases at 
sea it may be 50 per cent. above the screw. 

Asso much success has been attained in the few 
trials already made, I look for a grand future, both as 





ahead and astern of the main hold, so that, with a 
light ship, the trim would still be waintained. 

A special form of ship is not required. The cargo 
may be stowed where thought best, and not cut up, as 
by the tunnel. : 

Whatever the popular opinion may be, I am satisfied 
of the great value of this propeller, and therefore 
brivg it to your notice, and point out to you some of 
the more important advantages, which have been 
proved, or are self-evident, aud I believe a number 
more will develop themselves when further trials are 
made, and more particularly will thé value appear 
when at sea in the very circumstances when the great- 
est loss comes to the serew propeller. At the very time 
when the full power is wanted, the screw is at a disad- 
vantage, whereas with the water jet, ail the cireum- 
stances of the ship at sea are practically indifferent 
to it. 

The jet propeller is a subject that insurers of ships 
should look carefully into. But I leave them to look 
after their business, and am only desirous that we 
should fully discuss the subject from our point of 
view, that is, as engineers, both designers and sea-go- 
ing—for it is a watter of life or death when the critical 
moment comer, 

I am often distressed when I hear of a ship sinking 
for want of pumping power, and shocked that a vessel, 
otherwise good, but nearly full of water, with boilers 
and engines intact, gives the crew no alternative but 
to leave her in mid-ocean, and trust to a few poor 
boats. 

The serew propeller to-day has perhaps reached its 
limit of perfection, while, with all its success, there 
must still be opportunities for improvements in the 
water jet, so that its possibilities are greater than we 
know of. 





If we compare the modes of action of the jet and 
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regards economy and every other advantage claimed 
or proved, 

With regard to first cost and relative weights I am 
of opinion that the weights will be about equal to 
the screw propeller, that is, the total weights required 
by the serew propeller will about equal the displace 
ment due to the water jet propeller. The cost will 
settle itself and eventually may be no greater than the 
screw. 

The largest power applied to this system was in a 
gun boat 160 ft. long, 32 ft. beam, of 1,300 tons dis- 
placement, I. H. P. 750, discharging 350 tons of water 
per minute, and the speed was 10 Knots an hour. 

= this case two jets, each of 2 ft. diameter, were 
used, 

The size of the discharge tubes has been the subject 
of great difference of opinion. One engineer recom- 
mended two jets each of 5 ft. diameter for a ship 
which was successfully driven by two jets of 2 ft. dia- 
meter, Another experimenter has gone to the opposite 
extreme, and proposed very small jets. As you 
know, there is a medium in all things, and some- 
where between the extremes will be found the best 
proportion. 

For the largest ship I would have jets under 2 ft. dia- 
meter, and have a number of them placed where con- 
venient. The revolutions of the pump may be any- 
thing thought best, say from 50 to 200 per minute. it 
is most convenient to have at least two jets, and to ar- 
range them one on each side of the hull, near the mid- 


~~ 
he two jets may be supplied from one pump, or 
from two pumps. or large power I would have two 
or more jets at each side, and each jet to have a 
separate pump, and each pump to have its own 
separate set of engines. By the subdivision of the 
propelling power inte two or more entirely independ- 
ent sets of apparatus, there is hardly any conceivable 
accident which could happen, that would seriously 
affect the safety or one of the ship. 
The engines may be placed ahead or astern, or both 


the screw, we will see that every particle of water 
used by the jet is discharged in ove direction, while 
with the screw there isa complex action, discharging 
water radially by centrifugal force, and many particles 
driven at various angles from the direction required. 
With the jet the centrifugal motion is used with full 
effect ; with the screw it is entirely lost. Again, com- 
pare the water friction. The screw has surfaces mov- 
ing twice the speed of the surfaces in the water jet 
propeller. This gives four times the Joss for the serew, 
compared with the jet, surface for surface. Again, a 
well known fact is the increased resistance of the 
ship, entirely due to the action of the screw. 

I believe this is the first time that the subject of 
water jet propulsion has been laid before those chiefly 
concerned. If you approve, or even wish that such an 
apparatus may be put into your hands, and resolve to 
make it a success in every way, I have no doubt it will 
be done. Hitherto, no one has cared to look into the 
watter with sufficient interest, and it has long ago 
been cause of wonder that so many good qualities have 
been neglected. 

The water jet propeller should be used, if only for 
the great pumping power. Had it no other advantage 
except its stopping power to avoid collisions, it is of 
immense value. But when it has so many advantages, 
it is our duty to ourselves and others to go thoroughly 
into the subject, and make the best we can of such a 
simple marine propeller. 

False theories ust not be allowed to obstruct the 
way to such a number of good qualities. The power 
of practical men gave us ocean steam navigation, in 
opposition to false theories; that is a well known in- 
stance, and there are a number of others. 

It is surprising that so little has been done in this 
system of propulsion, yet quite a number of engineers 
have experimented with this propeller. But few have 
had the courage to try more than one or two ex- 
amples. Had they only stuck to it, they were bound to 
succeed . 





With comparatively light cranks, no propeller shaft- 
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ing, no tunnel, no unknown strains, no moving parts 
outside the ship, no racing, no vibration, no revers 
ing, no easing, no priming, and no breakdowns, I look 
forward to a time when sea-going engineers may have 
more comfort and greater —t. , 

After reading his paper, Mr. uthven gave some in- 
teresting data, gained from experiments made in 
past years with steamers fitted for water propal- 
Reference was made to the recent trials on the 
Thames of the life boat built by Messrs. R. & H. Green, 
and engined by Messrs. Thornyeroft. ' 

The honorary secretary announced that a meeting 
was being held in Cardiff, where it had been arranged 
that Mr. Rathven’s paper would be read and discuss- 
ed simultaneously with the arrangement in Stratford. 
In this, their first venture, the Cardiff members were 
wished all success in their effort. 

The discussion was then entered into by Messrs. F. 
W. Wymer, J. D. Bisset, J. A. Rowe, F. W. Shorey, G. 
W. Manuel, and others, when some interesting points 
were touched upon, both favorable and unfavorable to 
the system advocated by the author of the paper. It 
was urged that if Mr. Ruthven could design a set of 
machinery to suit a large steamer, it would be invalu- 
able for reference and discussion purposes. 








A POWERFUL TWIN-SCREW ARMOR-PLATED 
RAM WITHOUT ARMAMENT, FOR DEFEND- 
ING HARBORS. 


PLANS have been completed by the Board of Con- 
struction and Repair, Navy Department, for a twin- 
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in thickness and the lower three inches, to be secured 
by bolts with countersunk heads, driven from the out- 
side through wood backing of yellow pine and two 
backing plates each twenty pounds per square foot, 
and set up with nuts on rubber washers. All hatches 
through the armored deck are to have battle plates, 
and the smoke pipe and ventilators to have inclined 
armor 6 inches in thickness. The conning tower is to 
be 18 inches in thickness. 

The ward room is on the after berth deck just abaft 


rooms and a pantry. Abaft the officers’ quarters is a 
berthing space for yes of the crew, the forward berth 
deek being designed entirely for the crew. 

The engines are triple expansion, and of the hori- 
zontal type, each engine being in a separate compart- 
ment. ‘There are four cylindrical horizontal fire tube 
boilers, placed in two watertight compartments. The 
engines are to develop 4,800 horse power under forced 
draught with a corresponding speed of seventeen 
knots. 

There is to be a complete installation of electric 
lights sufficient for lighting all parts of the vessel, and 
arranged in duplicate so as to guard against accident. 
The drainage system isto be so arranged that any 
compartment can be pumped out by the steam pumps. 
The vessel is to be submerged to fighting trim by means 

of valves, one in each transverse watertight compart- 
| ment of the double bottom ; and sluice valves are to be 
| fitted in the vertical keel and the watertight longitu- 
dinals in these compartments, 

The only projections above the armor deck are the 
|conning tower, smoke pipe, ventilators, hatch coam- 
ings, and skid beaws on which the boats are supported. 











POWERFUL TWIN-SCREW ARMOR-PLATED RAM WITHOUT 
ARMAMENT, FOR DEFENDING HARBORS. 


screw armor-plated harbor defense ram on the design 
of Rear Admiral Ammen. authorized by act of Con- 
gress, March 2, 1889. The principal features are : 


RN GUO EEE. 5 65650. covccsces 248 ft. 
Length on load water line...... 242 ** Qin. 
Breadth, extreme ... ......00.. oo oF 
Breadth on water line ......... = 2 
Draught amidships... ......... | een 
Ds cnx Ss ccccacran pane soe 2.050 tons. 
Indicated horse power........ . 4,300 * 
Pia 6s vunbogusansesied 17 knots. 


The vessel is designed on the longitudinal and 
bracket system, with an inner bottom extending from 
the collision bulkhead to the stern. The longitudinals 
and girders supporting the deck are to be continuous, 
converging to the stem casting and to the stern, the 
frames and beaws to be intercostal ; the depth of longi- 
tudinals and vertical keel throughout their length to 
be 24 inches, the girders supporting the armored deck 
to be 15 inches. The vertical keel, two longitudinals, 
and armor shelf on each side of the vertical keel, are 
to be watertight, forming transversely six compart- 
ments ; these being divided longitudinaily by water- 
tight frames. By this means the space between the 
inner and outer skins is subdivided into seventy-two 
compartments. The transverse and longitudinal bulk- 
heads between inner skin and deck armor divide this 
space into thirty compartments, making a total of 102 
cowpartments in the vessel. The vessel is to be pro- 
vided with a removable wrought steel ram head, to be 
accurately fitted and securely held in position in the 
cast steel stem. 

_ The outside strake of the deck armor is to be six 
inches in thickness, the next strake inboard to taper 
in thickness in its breadth from 544 to 244 inches, the 
remainder of the deck plating to be 244 inches in thick- 
ness, including the lower course of plating. The side 
armor is to be two strakes in depth, the upper six inches 


The vessel has no armament, and is to rely entirely on 
the ramwing for her offensive power.—JW. Y. Sun. 


SHIELDED QUICK-FIRING GUNS. 

HEREWITH are given the figures of two shielded 
Gruson structures, which took part in the Magdeburg 
programme, and which are sufficiently good and char- 
acteristic. 

Fig. 1 is the movable shielded mounting for the 5°7 
ew. (2°24 in.) 25 caliber quick-fire gun, weighing in all 
2°85 tons, which was driven about the ground with three 
horses and a detachment of eight men, and put into po- 
sition ina pit dug by the gun detachment, as mentioned 
in the last report. The sheet iron sides of the chamber 
are covered by the walls of the pit, and only the flat ar- 
mored, dome-shaped roof is exposed to attack. It was 
mentioned in the case of a smaller mounting, that for 
the 37 em. gun, that very little effect had been pro- 
duced by the impact of three 83 cm, (3°23 in.) projec- 
tiles, slight indents only being made. The door and 
back of the mounting is of thicker metal than the sides 
and front, so as to resist a considerable blow from a 
piece of shell striking it at the opening left at the back 
of the pit, which, however, would not bea contingency 
likely to arise often. For firing permanently in one 
direction, the mounting is provided with a brake, and 
against skirmishers a dispersion can be given by an 
arrangement limiting the rotation of the mounting to 
a certain angle. The ammunition is placed in tin 
boxes, which stand on the floor of the chamber. 

Fig. 2 shows the disappearing shielded mounting for 
the 57 em. (2°24 in.) gun of twenty-five calibers, being, 
in fact, a different application of the same gun. As 
| stated in the report, this mounting is very easily raised 
| into position for action or lowered into the position of 
eclipse or cover. The recoil of the gun is absolutely 
checked when the seat on which the gunner sits is 
turned down, and the mounting cannot be moved to 
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the engine room bulkbead, into which open seven state | 


descend until the seat is turned up and the gun with- 
drawn into the mounting. The whole construction is 
balanced upon the pivot column, which moves up and 
down in the cone, and rests upon a lever. The gun 
rests with its trunnions in a frame, sliding backward 
and forward: in guides. Bolts, which hold the gun 
from recoil, enter grooves in these guides, and are con- 
nected with a lever, on which the seat of the gunner 
pointing the gun is made fast. When the boits are 
drawn back the seat is raised, and when pushed forward 
it is lowered. The effect of firing is to press the armored 
ring against the glacis armor, after which it recovers 
its position again immediately , owing to the situation 
of its center of gravity. The glacis ring is of chilled 
iron, resting on sheet iron plates and girders. In the 
position of eclipse, the flatness of the dome causes the 
top of the mounting to be very difficult to see or to 
strike with artillery fire; and the roof or dome resting 
on the glacis ring, the impact of projectiles can pro- 
duce very little injury to mounting or armor.—The Hn- 
gineer. 


MANNESMANN TUBES AT THE RECENT 
SESSION OF THE BRITISH IRON AND 
STEEL INSTITUTE, PITTSBURG. 


ON the stage were dozens of samples of Mannes- 
mann tubes turned by the famed German company 
from solid bars of steel and able to withstand a pressure 
of 3,000 pounds to the square inch. Prof. Wedding de- 
livered aun interesting lecture on the tubes, and did 
it in such an off-hand wanner that there was no 
—- about his familiarity with the subject. He 
said : ; 

‘* Some of these are pieces which were closed at both 
ends, but have been broken in two to show the form- 
ing of the tube and the massive block of metal used in 
its construction. The interior’of the broken parts ex- 
hibits a crystalline surface with a metallic luster, and 
affords incontestable proof of the existence of a vacuum 
during the formation of the tubes, also of the absence 
of a mandrel bit or similar tool. Other samples illus- 
trate the working of a mandrel in its application for 
smoothing the crystalline inner sides of the pipes. A 
series of these specimens conclusively prove that 
the tubes can be turned out in any desired dimen- 
sion. 

** Several specimens of three and four inch tubes, of 





which 30 wiles of each size have been furnished for a 
South Awerican water main, Of the four-inch pipes 
there has been furnished a petroleum residue conduit, 
15 English miles in length, for the Caucasian district, 
the oil to be pumped a height of 3,800 feet to the top 
of amountain, every piece having before delivery been 
tested by the buyers to withstand a pressure of 2,500 
pounds to the square inch. These pipes are of the 
ordinary length, 7. e., 16 to 28 feet. he Mannesmann 
tubes have been turned out, however, in lengths 
of 45 feet and upward, which evidently insures a 
considerable decrease in the number of connecting 
pieces. 

‘The hammered samples of these tubes and those 
which have been shortened, also by being hammered, 
are evidence of the elasticity of the pipes and their 
adaptability for use without separate connecting 
pieces, it being a cowparatively easy watter to 
join the tubes themselves. Also to convert them 
into any desired shape or form fer constructive 
purposes. 

Other Mannesmann tubes, which have been turned 
inside out and then doubled up, give evidence that the 
mwetal not alone did not suffer through having been 
worked by this process, but that on the contrary the 
quality of the steel has been improved thereby to a de- 
gree never before attained in any tubular article. 
Welded tubes if treated in this manner would split 
open, while pipes turned out from massive blocks by 
the, latter-being made hollow through boring, could 
not with safety be treated in this way, on account of 
the absence of the spiral-like fibrous structure for 
which the Mannesmann tubes are noted. The dia- 
meter of some of the sample pieces has been increased 
threefold by forcing a conic wedge into their ends, 
without using other pressure. This equals a tensile 
ene by traction to three times the original 
ength. 

‘* The dream of all bridge builders, the thin-walled, 
weldiess steel tube of large diameter and great length, 
has been realized. We see parts of the historically in- 
teresting first production of Mannesmann tubes, 13 and 
15 inches in diameter, with a one fourth ineh wall. 
The employment of these tubes in a larger diameter per- 
wits the building of longer and also more econowical 
bridges, as well as of spans of greater length than has 
been feasible in the past.” 





UNCLE SAM’S WELCOME.* 


To most of you the mineral interests of this country 
are still an unexplored field. We have done our test 
to give you some partial hints of its extent and variety. 
In the elaborate wap prepared to illustrate the address 
of Mr. Hewitt, we have shown you the location of every 
blast furnace east of the Rocky Mountains, the areas of 
our productive coal fields in the same half of our coun- 
try, and the regions which supply our wagnetic, specu- 
lar, fossil, and brown hematite ores, presenting thus a 
comprehensive picture of the ratural and commercial 
relations of that manufacture with which you are 
chiefly connected. In some thirty papers, half a dozen 
of which were illustrated with lantern views, while 
nearly all the rest were handed to you in print, with 
their accompanying engravings, we have given you 
descriptions of the activity of American engineers in 
the mining and treatment of other winerals than coal 
and iron ore. We have shown you how we drive our 
tunnels, how we apply to ail the uses of power the 
electric current, and how we ewploy it also with regard 
to magnetic ores, in that noblest function of the scien- 
tific arts, the utilization of waste products. 

But even if you could have received and digested all 
this information, you would searcely have crosse¢@ the 
threshold of the subject; as, when you return to the 
Atlantic shore from your tour of a month, you will not 
have half seen the half of a half. Not only on either 
side your track, but far beyond the utmost limit of your 








* Extract from the remarks of ‘Dr. R. W. Raymond, in proposing the 





health of the Iron and Steel Institute at the banquet in New York City, 
Oct, 2, 1890, 
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journey, there are great cities and swarming industries 
of which you will get no glimpse. 

Moreover, neither the mineral interests of the United 
States nor their relation to the national development 
ean be truly appreciated except by one who has seen 
this glory and grandeur grow. To me, who count my- 
self still a young ian, it isa perpetual marvel that, in 
my professional career of less than thirty years, I have 
winged the successive stages of this unparalleled 
growth. I bave seen the pioneer wining camps in 
every state and territory, to the shores of the Pacific. 
The cabins of the miners among the pines and snows; 
the slow ox teams upon the alkaline desert, the laden 
‘“*burros”” on the rocky trails, the long days in the sad- 
dle, the quiet camping under the stars, the faces of 
savage foes, and the fight or the ride for life—they are 
all known to me; and out of these rude beginnings I 
have seen an empire spring. 

Yes, gentlemen, nature lay, beautiful and rich, a 
sleeping princess, wrapped in the speil of silent cen- 
taries. And behold! at the kiss of the American en- 
gineer, she stirred, she woke, she smiled, she recognized 
her lover and master; she gave herself to him with all 
the radiance of her beauty and ali the splendor of her 
dower! It is indeed the fairy tale of history, and the 
part of the fortunate prince has been played in it by 
the profession to which we are proud to belong. The 
arts of the miner and the metallurgist have led the way 
in this amazing advance, building railroads and cities, 
and attracting and supporting all allied arts and in- 
dustries, The like will not happen again. There are 
no more stich worlds to conquer. To have seen it—to 
have been a part of it—what greater glory can a man 
desire? 

We will not dispute how the glory should be divided 
in history’s ledger between merit and luck; still less, 
how wuch of the merit belongs to one nation, and how 
much to another. Mr. Carnegie has told you that you 
will find nothing among us that you yourselves did not 
originate. Of course he was sincere, he never flatters. 
But I venture to predict that when you return from 
the ene we have planned for you, you will be bet- 
ter informed than Mr. Carnegie. 

Nevertheless, if his sweeping assertion should prove 
true, the case will be simply like that which was set- 
tled by compromise, only last week, between two 
farmers of Long Island, near this city. One of them 
was engaged in the raising of game fowls, the other 
cultivated only the peaceful Shanghai breed. And 
when it came to pass that one of the game hens, stray- 
ing from home, laid an egg on Shanghai ground, and 
this egg, duly hatched, produced a pure game chicken in 
& breed of Shanghais, the question was, to whom did 
that chicken belong?—to hii whose hen laid the egg or 
to him whose hen hatched it. An essential point in 
the lawof the case (as one of our morning journals 
learnedly pointed out) was the inquiry, whether the 
hen which laid the egg on foreign ground was there 
with what is called the animus revertendi, that is to 
say, the intention to return. For if she had this in- 
tention, then she had not lost her domicile by transient 
absence, and might be said simply to have left her 
baggage behind (a thing that might happen to any of 
us). 

Applying this principle to the case in hand, we can 
see at once that our fathers (who were the brothers of 

our fathers) came here without the anémus revertendi. 
They cawe to stay. Consequently, you cannot claim 
either the egg or the game cock of your own breed that 
was hatched from it. 

I say our fathers were your fathers’ brothers, in other 
words your uncles. That is why U. 8. stands for Uncle 
Sam, in view of which significant circumstance I beg 
to conclude with offering to you 


UNCLE SAM’S WELCOME. 


I’m glad to see ye! Walk right in! 
Set down and rest, and feel to hum. 
Ef thar’s one thing thet makes me grin, 
It is, to hev good company come. 
Thet’s wut J am, 
Says Uncle Sam. 


I hev my times o’ gittin’ riled, 
Times when [ let my eagle scream; 
But ginerally I’m ez mild 
Ez apple sass fixed up with cream. 
eek ez a lamb, 
Says Uncle Sam. 


I've got ez quick a hand to shake 
An open hand, ez ever you see; 
Although I reckon folks don’t make 
Much profit shakin’ fists at me. 
No, ma'am / 
Says Uncle Sam. 


~ doors air open all the time 
o free, true men of every name; 
But when the bummers’ guard of crime 
Brings riot’s flag of blood and flame, 
Them doors Ill slam! 
Says Uncle Sam. 


7 table’s big, my eatin’s good, 
here’s plenty in the pantry, too, 
For all the world. In fact, I could 
Export more vittles than I do— 
Especialiy ham, 
Says Uneile Sam. 


Pve got a continent o’ coal 
An’ gas— you bet!—jest hear it roar. 
Thar’s stacks to welt, and mills to roll, 
An’ trains to haul—an’ ez fur ore— 
A puffeck jam! 
Says Uncle Sam. 


Now don’t you mind me ef I brag, 
Thet’s jest my way to show I’m proud 
To hev ye fetch yer carpet bag 
An’ visit. Ef I speak too loud, 
Why, thet’s all flam, 
Says Uncle Sam. 


Fur I’m pertickilarly fond 
O’ sittin’ down to talk an’ dine 
With brothers from across the pend, 
Whose mother wuz the same ez 
I ain’t no clam, 
Says Uncle Sam. 


I'd like to show ye round my place, 
From vorth to south, from east to west; 
But "tain’t no use, into the space 
You ingineers hev so compressed, 
Thet job to cram, 
Says Uncle Sain. 


So make your plans to stop a while; 
An’ ef you sort o’ call to mind 
Thet little transatlantic isle, 
Jest send the folks you left behind 
This telegram, 
Says Uncle Sam. 


“Don’t worry over our delay, 
They're goin’ to put us through, or bast! 
An’ ef a few weeks more we stay 
Than we intended to, you must 
Not care a—bit, 
Says Uncle Sam.” 
—Eng. and Min. Jour. 


THE DEVELOPMENT OF AMERICAN BLAST 
FURNACES WITH SPECIAL REFERENCE 
TO LARGE YIELDS.* 
By JAMES GAYLEY, Bessemer, Pa. 


THE development of biast furnace practice in 
Awerica in the direction of large yields is mainly the 
history of our working since the year 1880, as the ad- 
vancement that has been made in the last decade is 
greater than in the third of a century previous. A 
new era in the manufacture of pig irou began in 1880 
with the putting in blast of the Edgar Thomson 
furnaces. 

These furnaces at once leaped to the front as pig 
iron prodneers, and have maintained that position— 
with but one brief interruption—ever since. I shall, 
therefore, confine myself mainly to a description of 
these works, showing the changes in design and 
practice by which these results have been achieved. 
In order to show more clearly the progress that has 
been made since 1880, I shall refer briefly to the best 
work that was done in the ten years previous to that 
time. 

The Struthers furnace, in Ohio, was one of the first 
to attract attention in the matter of large outputs. 
This furnace was 55 feet high, 16 feet diameter of bosh, 
9 feet hearth, stock line about 8 feet 6 inches. The fuel 
was raw coal. This furnace, in December, 1871, made 
1,602 tons of iron, and in January, 1872, made 1,642 tons. 
The best output in a single week was 400 tons. By 
March, 1876, the product had increased~ to 2,032 tons. 
The furnace was blown by one engine with an air 
cylinder 72 inches in diameter and 4 feet stroke. The 
only change made from 1871 to 1876 was the addition 
of a second blowing engine. The size of the hearth 
was much in advance of the construction usual at that 
time, and was, in fact, as large as would now be put in 
a furnace of the same size. The good results obtained 
lat this furnace were largely due to the fact that the 
manager, Mr. Thomas W. Kennedy, broke away from 
the traditional practice of regulating the quantity of 
blast by the pressure gauge and substituted instead the 
revolutions of the engine—a practice that obtains to- 
day. 

A record of No. 1 furnace of the Isabella furnaces, 
located at Pittsburg, has been furnished me. And, 
as these furnaces have since become famous in the 
annals of pig iron manufacture, a return of their work 
at that time will be found interesting. I have not been 
able to secure the lines or detail construction of this 
furnace, but the general dimensions were : Height, 75 
feet; diameter of bosh, 20 feet; cubical capacity, 
about 15,000 feet. The furnace was ‘“‘blown in” in 
January, 1876, and continued in blast until May, 1880— 
making a total output of 117,575 tons of pig iron, or an 
average of 2,264 tons per month. The consumption of 
coke per ton of iron averaged 3,000 lb. The tempera- 
ture of blast ranged from 1,000 to 1,100 degrees, with a 
blast pressure of 4to6lb. No record was kept of the 
amount of air blown. Also located in Pittsburg are 
the Lucy furnaces, owned by the firm of Carnegie, 
Phipps & Co. These furnaces ranked with the 
Isabella as the largest producers in America. I have 
been so fortunate as to obtain the lines of one of these 
furnaces, the Lucy No. 2, built in 1877, which I show 
in Fig. 1. The general dimensions are as follows: 
Total height, 75 feet ; diameter of bosh, 20 feet; dia- 
meter of hearth, 9 feet ; cubical capacity, 15,400 feet. 
This drawing shows a beil 12 feet in diameter, but Mr. 
H. M. Curry, who was then manager of the works, ad- 
vises me that the bell generally in use was 11 feet in 
diameter. During a part of the blast a bell 12 feet in 
diameter was tried, but not proving to be of advantage, 
was abandoned. In the construction of this furnace 
the noticeable features are a narrower hearth and a 
wider top than are now put in furnaces of the same 
cubical capacity. But at that time it was considered 
an excellent shape, and certainly did produce some ex- 
cellent results. As early as 1878 this furnace had made 
a wonthly output of 3,286 tons, on a coke consumption 
of 2,793 |b. per ton of iron, and in one week shortly 
afterward made 821 tons. The furnace was ‘‘blown in” 
in September, 1877, but after running a few months 
was blown out in order to repair the bosh walls, which, 
for some reason, had rapidly given way. In the fol- 
following Mareh the furnace was again started, and 
continued in blast for nearly thirty-four months, mak- 
ing in this time an output of 92,123 tons, on an average 
coke consumption of 2,865 |b. per ton of iron. For the 
first twelve months the output was 33,552 tons, on a 
coke consumption of 2,850 lb. The amount of air 
blown was 16,000 cubic feet per minute, which entered 
the furnace through six 8 inch tuyeres. The tempera- 
ture of blast was 915 degrees, and the pressure at 
tuyeres 5lb. The ore mixture yielded in the furnace 
60 per cent. iron. The work that was done at this 
furnace was unquestionably the best, all things con- 
sidered, that had been accomplished prior to the 
starting of the Edgar Thomson furnaces. 

Furnace “A” of the Edgar Thomson works was 
originally a chareoal furnace at Escanaba, Michigan, 
but was removed and erected on its new founda- 
tions in 1879. The dimensions of this furnace, as 
will be seen by reference to Fig. 2, are as follows: 
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Height, 65 feet ; diameter of bosh, 13 feet ; diameter 
of hearth, 8 feet 6 inches; cubical capacity, 
6,396 feet. Six tuyeres, 4 inches in diameter, were 
used. These, projecting 7 inches inside the crucible, 
made the efficient diameter of hearth 7 feet 4 inches. 
The tuyeres were placed 5 feet 6 inches above the 
hearth line. In Vol. VIIL. of the Transactions of the 
American Institute of Mining Engineers, a description 
is given of the “blowing in” and subsequent working 
of this furnace, by Mr. Julian Kennedy, who was then 
manager of the works. The following points of con- 
ctrecton are emphasized in his paper. The interior 
lines make very small es with each other—so 
small, in fact, that the are of a circle drawn from the 
top to the tuyeres will not deviate more than two 
inches from the lines as given. Particular attention 
was given to rounding the angles. The bosh is located 
about —g ft the furnace, making the bosh wall 
very steep. The batter of this wall was 13¢ inch to the 
foot, which is equivalent to an angle of 84 degrees. 
The furnace was lined throughout with small bricks. 
The stove equipment consisted of three Siemens- 
Cowper-Cochrane stoves, 15 feet in diameter by 50 feet 
in height. This furnace was ‘blown in” in January, 
1880. The ore mixture consisted of Tafna, M’Comber, 
Pilot Knob, and Somorrostro ores, yielding in the 
furnace 54°5 per cent. iron. The output of the first full 
week was 442 tons, and reached 537 tons for the fourth 
week. The output and consumption of coke for the 
first few months are as follows: 











Mout nee, | RA 
Jan cerecccceccccocsccoce 1,684 2,675 
_—_........ éteeseseese 2,236 2,306 
March ....... 000606 c9evesess 2,762 2,306 
BU . cocccee- 000+ secceovece 1,586 2,482* 
BOs cccvecvccccces¢eecese: ces 2,226 1,945 











* Furnace was stopped for four days. 


In June the furnace was changed to making spiegel, 
and has been used almost exclusively ever since for 
making the various grades of spiegel and ferro-man- 
ganese. The average weekly output for the month of 
March was 6444 tons, one day having been Iost. 

The best week’s output was 671 tons. The blast was 
heated to an average temperature of 1,050 degrees, the 
atmost that the stoves would furnish. The pressure 
at the tuyeres was 644 pounds. The engine equipment 
consisted of two vertical blowing engines, one of which 
was new, witha blowing tub 84 inches in diameter 
and 4 feet stroke ; the other, a small and inefficient one, 
had been brought from Escanaba. But it so happen- 
ed that furnace ‘‘B” was in course of construction, and 
one of the engines belonging to this furnace was in 
good running order. Consequently, the Escanaba 
engine was retired from active service and these two 
larger engines were used to supply furnace ‘‘A.” 

The volume of air forced into this furnace was 15,000 
cubic feet per minute, or as much as was used else- 
where for furnaces of more than twice the capacity. 
The results obtained were surprising, and it is no 
wonder that the pig iron making world regarded them 
with an astonishment amounting in many cases to in- 
credulity. Considering the cubical capacity of the 
furnace, the rate of driving was certainly excessive, 
and that the results on fuel were so low, as com- 
pared with the subsequent consumption on larger 
furnaces where the same practice was employed, is 
mainly due to the narrow furnace stack. These fuel 
results, as I shall presently show, were much lower 
than any obtained from the larger furnaces in the next 
five years. And, had a distinction been then made 
between rapid driving on the one hand and excessive 
driving on the other, ae American furnaces would 
have reduced their outlay for fuel enormously. 

In Fig. 3 is shown a a of the second furnace 
erected at these works, of which the general dimen- 
sions are as follows: Height, 80 feet ; diameter of bosh, 

feet ; diameter of hearth, 11 feet ; cubical capacity, 
17,868 feet. The brickwork of the stack was held to- 
gether by 8-inch iron bands ee by staves of T- 
iron, forming a crinoline. The h walls were banded 
in the same manner. The walls of the hearth were sur- 
rounded by solid cast iron plates, securely bolted, no 
cooling plates of any kind being used. The stock was 
distributed at the top by a double bell, in which the 
central cone remained stationary; while the outer 
conical ring, being lowered, cast the stock toward the 
wall and center of the furnace. One feature of this 
construction, differing from that of other furnaces 
then using coke for fuel, was the large hearth, provid- 
ing more space for combustion. As originally planned, 
the hearth was 9 feet in diameter at the bottom, and 
sloping up to the tuyeres; but, before building, Mr. 
Kennedy changed the plan, so that the inwalls 
of the hearth would be straight, making the 
diameter 11 feet. There was, moreover, an increased 
number of tuyeres, eight being used, and an increased 
elevation of tuyeres above the hearth level, all of 
which were necessary for rapid driving and large 
yields. In the anthracite district large hearths had 
been tried at a much earlier day. As early as 1854 the 
Thomases, at the Crane Iron Works, in the Lehigh 
Valley, had tried enlarging their hearths by pulling 
back the tuyeres until a diameter of 11 feet was 
reached. From this experiment they obtained such 
excellent results, both as to output and quality of 
metal, that they afterward adopted as a standard that 
the diameter of the hearth should be one-half the 
diameter of the bosh. But while the hearths of vari- 
ous furnaces had been enlarged after they were in blast, 
yet no American furnace up tothat time had been con- 
structed with so large a hearth as this one at the Edgar 
Thomson works. In another respect this furnace was 
well prepared by its designers for a high productive 
capacity, viz., in its equipment. Fire-brick stoves of 
the most gee type were erected. Substantially 
built blowing engines were provided, and — were 
rendered efficient by an ample supply of boilers—a 
point in which other furnaces were then sadly lacking. 
At the same time ail the flues and mains were con- 
structed sufficiently large, and in the most substantial 
way. In fact, no furnace previously erected had been 
planned on such a liberal basis; consequently large 
yields were to be expected. 
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The furnace was put in blast in April, 1880. 
following month an output 3,718 tons was mad 
the next month showed 4,318 tons; thus fully 
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It will be noticed that the consumption of fuel in- 
creases as the summer months advance. These works, 
being located on flat land along the Monongahela river, 
are more ——s affected than elsewhere by the 
content of moisture in the atmosphere, it being nearly 
twice as much in summer asin winter. While this fact 
has always had an important bearing on our fuel 
economy, yet, in this case, another feature of the 
practice tending to increase the fuel consumption was 
the increased rate of driving ; the volume of air blown 
having been gradually increased to 30,000 cubic feet 
per minute, engine measurement, taxing alike the effi- 
ciency of the engines and the stoves. However, a high 
—. capacity was aimed at, and an output of 4,722 

in a month was certainly marvelous at that time, 
and was either regarded as incredible or accounted for 
on the supposition that the furnace had been trans- 


scrap. But the furnace records show that the yield of 
ore mixture was 55 per cent. iron. The weight of lime- 
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ed to a temperature of 1,100 degrees. 


formed into a cupola by melting large quantities of | age 
in yield. The upper brick of the stack having given 
way, the 
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stone was 25 per cent. of the weight of the ore. An 
analysis of the cinder shows : 
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The limestone contained a very small quantity of m 

nesia. The blast entered the furnace through eight 
bronze tuyeres of 544 inches diameter, and was heat- 
The silicon in 
the iron averaged about about 2 per cent. The rapid 
wear of the furnace walls, through the use of such a 


large volume of air, gradually increased the consump- 
tion of coke to over 3,000 |b. per ton of iron. 
end of the first twelve full months the output waa 
48,179 tons, on an average coke consumption of 2,859 
lb. per ton of iron. 


At the 


The second year showed an aver- 
consumption of 3,200 lb, of coke, with a decrease 


furnace was blown out after a blast of two 
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years and five months, having made a total product 
of 112,060 tons, on an average coke consumption of 
3,149 Ib. per ton of iron 

The results obtained in this blast determined several 
important changes in construction, It was seen that 
the crinoline structure afforded inadequate protection 
to the brick work of the stack, in consequence of which 
it was torn down and replaced by an iron jacket; also, 
that the bosh walls should be protected so as to pre- 
serve as far as possible the original lines, and the 
hearth be surrounded with water-cooled plates. The 
double bell was also found to possess no special ad- 
vantage, and was abandoned. These changes were in- 
troduced in the furnace next erected at the works, 
But, before leaving this furnace, I wish to emphasize 
the bearing that the practice of rapid driving, begun 
on furnace ‘‘ A,” and further developed on this one, 
had on the general practice of this country. The large 
outputs obtained from this furnace by the use of a 
large volume of air wasa matter of common know- 
ledge; the practice of fast driving soon became the ac- 





cepted one, and with our national ardor it was prose- 
cuted enthusiastically. In every direction, engines 
that had been running along for years at a methodical 
gait were oiled up and started off at a livelier pace; 
new boilers were added; the old iron hot blast stoves, 
not supplying sufficient heat, were torn down and re- 
placed by the more efficient fire brick stoves. At many 
works rapid driving degenerated into excessive driving. | 
True, the outputs increased ; so also did the consump.- | 
tion of fuel, and that at a surprising rate, until it was | 
thought well nigh impossible to produce a ton of iron | 
with 2,600 lb. of coke 

Mr. KE. C Potter, of Chicago, sounded the note of 
warning in 1885, and great credit is due to him for de- 
monstrating that large outputs and low fuel consump- 
tion are compatible. Since then a marked change in 
our practice has taken place, and the volume of air 
blown has been greatly diminished. 

Although the practice of rapid driving has been 
much decried, yet in many ways it has resulted bene 
ficially. It has brought in an equipment of hot blast | 
stoves, boilers, engines, etec., sufficient to accomplish a | 
large amount of work without a constant strain on | 
every part—a condition very rare prior to 1880; and it | 
has also developed a construction of the furnace stack 
by which larger outputs from a single lining can be 
obtained with less irregularity in the working. 

in Fig. 4 is shown a furnace of different construction 
from either of the preceding, it being my purpose to 
present successive types of construction rather than 
chauges in the same furnace. We find this furnace 
constructed with special regard to the better protec- 
tion of the brick work of hearth and bosh. The gen- 
eral dimensions are as follows: Height, 80 feet; dia- 
meter of bosh, 28 feet; diameter of hearth, 11 feet 6 
inches; stock line, 17 feet; bell, 11 feet; cubical capaci- 
ty, 21,478 feet. The bosh is placed at about the center 
of the stack, making very steep walls. The hearth is 
also made wider by 6 inches than in furnaces previous- 
ly deseribed. The hearth walls are surrounded by cast 
iron plates with a coil inside for the circulation of 
water. Around the bottom of these plates is a gutter, 
through which waste water from the cooling plates 
flowed, affording better protection to the bottom of | 
the hearth. Above this row of plates, at the tuyere | 
breasts, is another circle of cooling plates, partially in- 
serted in the brick work. The walls of the bosh are 
ineased in a jacket of wrought iron, 4¢ inch in thick 
ness. This jacket is bolted on to the mantle. The 
bosh walls inside the jacket were made but 22'¢ inches 
thick, so that the cooling effect of the air currents on 
the jacket would prevent any very rapid wear of the| 
brick work. 

It is a fact well known in our practice that the best 
records are obtained within the first year of a blast, as 
the walls are not then affected to any great extent by 
wear, With the better protection afforded by more 
recent construction, this difference has not been so 
marked. This furnace was put in blast in 1882, and 
in the second month made the large yield of 6,045 tons, 
on a coke consumption of 2,617 |b. In the first twelve 
full months the output was 65,947 tons, on an average 
of 2,570 lb. of coke per ton of iron, thus exceeding by 
over 11,000 tons the best output that had previously 
been obtained in the same time from any furnace at 
these works, and with a much smaller consumption of 
fuel. The record for the best month during this peri- 
od was 6,131 tons, on a coke consumption of 2,387 Ib. 
per ton of iron, The amount of air blown was 27,000) 
cubic feet per minate, which was heated to an average 
temperature of 1,000°. The pressure of blast at the 
tuyeres varied between 9and10lb. After a blast of 
seventeen months’ duration this furnace was blown 
out, having made a total output of 90,317 tons, on an 
average coke consumption of 2,613 lb. per ton of iron. 

For what reason this furnace was blown out I do 
not know, since the consumption of fuel, even in the 
last two months of the run, did not increase more than 
100 |b. above the average. The furnace records afford 
no explanation of the cause. Asa matter of fact, the 
results were much better than any obtained for a num- 
ber of years afterward. They serve, also, to show how 
very materially a slight protection afforded to the fur- 
nace walls affects the output and the consumption of 
fuel. 

As illustrating the effects of an excessive volume of 
air, | will mention a furnace put in blast two years 
later—of practically the same dimensions and protected | 
to the same extent, but blown with 38,000 cubie feet of 
air per winute—which wade an average output of 5,000 
tons per month, on a coke consumption of 3,000 lb. per 
ton ofiron. This is the largest amount of air that I 
know to have been forced iuto any furnace. The fuel 
consumption is what might have been expected, as the 
furnace was driven at sucha rapid rate that the im- 
perfect reduction of the ores in its cooler parts necessi- 
tated the completion at a temperature sufficiently high 
for the CO, to react on the carbon. 

In the next drawing, Fig. 5, is shown a different ar- 
rangement for maintaining the bosh walls. The lower 
part of the bearth is surrounded by cast iron plates, 
On the top of these rests a water-cooled corset jacket, 
fastened together with links, and banded at the upper 
and lower ends by iron banda, six inches wide and one 
inch thick. The wrought iron bosh jacket is dispensed 
with ; and, in its stead, are two bands of water-cooled 
lates, covering the greater portion of the brick work. 

hese are held in place by bands at the top and bot- 
tom, and also by being inserted a short distance in the 
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brick work. The tuyere fittings are unique. The ar- 


rangement as shown in the drawing consists, first, ofa 
large oval block, made of cast iron, and water-cooled. 
Fitting into this, with sufficient space left for a clay 
packing, isa large bronze cooler, oval-shaped at the 
outer end, but with a circular opening at the inner end 
for the insertion of the tuyeres. This cooler was sup- 
ported by trunnions resting on the block, by means of 
which the nose could be either elevated or depressed. 
The tuyeres were shaped to make a ball-joint connec- 
tion with the cooler, so that a horizontal delivery of 
the blast could be obtained with any inclination of the 
cooler. The adjustment was such that the tuyeres 
were placed in a staggered position, there being as 
inuch as 6 inches bet ween the center lines of each adja- 
cent tuyere. The reason given for this placing of 
tuyeres was ‘‘to obtain a greater area of contact be- 
tween the fuel and the air.” No such benetit, however, 
was derived, and the tuyeres were subsequently placed 
on the same level. 

The dimensions of the furnace are shown in the 
drawing. The cubical capacity was 16,680 feet. In 
February, 1885, the furnace was *“‘ blown in.” The vol- 
ume of blast was rapidly increased until, in the follow- 
ing month, it reached 31,000 cubic feet per minute. 
The blast entered the furnace through eight tuyeres, 


|7 inches in diameter, and was heated to an average 


temperature of 1,200 degrees. The pressure at the 
tuyeres was 8'¢ |b. The average monthly output from 
March to August inclusive was 5,122 tons on a coke con- 
sumption of 2,8741b. per ton of iron, 

As this was the third blast for the same furnace (a 
companion furnace to that shown in Fig. 3), a com- 
parison with the record made at the same relative time 
on the first blast will show the effect of different rates 
of driving on the fuel economy. In the first blast the 
coke consumption was 2,600 lb., with a volume of air 
of 24,000 cubie feet per minute; in this blast it has 
risen to 2,850 |b., through an increase in the volume of 
air of 7,000 cubic feet. 

On taking charge of these works in October, 1885, I 
endeavored to reduce the volume of blast in order to 
diminish the consumption of fuel. The reductions were 
made slowly until the volume was 28,000 cubic feet per 
minute. Many attempts were made to reduce it still 
further, but as each attempt was invariably met by 
great irregularity in the working of the furnace, 
further efforts in that direction were abandoned. The 
volume of blast was therefore maintained steadily at 
28,000 cubic feet, and the temperature, which before 
had been quite variable, was maintained more uni- 
formly. At the same time the cinder, Which was quite 
basic, was made less so. 

Asa result of these changes the output increased toan 
average of 6,050 tons per month, on a coke consumption 
of 2,400 lb. per ton of iron ; but after a three months’ 
trial the furnace was suddenly shut down, with a full 
working burden, for a period of twenty-one days, on 
account of labor troubles. After it had resumed, and 
the bad working incident to such a shut down 
had been remedied, the furnace made an average 
monthly output of 5,700 tons; but the consumption 
of coke had advanced to 2, 600 lb., and continued at 
that figure till the end of the blast. The furnace was 
blown out,on aceount of the upper lining being de- 
stroyed, aftera blast of twenty-three months. The 
total output for the blast was 118,000 tons, ona coke 
consumption of 2,705 Ib. For the first twelve full 
months the output was 64,998 tons, ona coke con- 
sumption of 2,677 lb. per ton of iron. 

In Fig. 6 of the drawings is shown a combination of 
Figs. 4 and 5, in the construction of cooling jackets. 
From the top of the corset jacket, the construction is 
an exact duplicate of the one just described. Between 
the corset and wrought iron jackets a row of water- 
cooled iron plates is inserted in the brick work. There 
were eight sections in the circle, all being connected 
together, and the water was fed from the high pressure 
main. The advantage of a high wate: pressure on this 
kind of plate is shown by the fact that not a single 
one was lost during the entire blast. 

The interior shape of this furnace differs very mate- 
rially from those previously shown, having been made 
to conform, as nearly as possible, to a furnace at the 
South Chicago works, which was then giving excel- 
lent results in regard to both output and consump- 
tion of fuel. The bell is increased in diameter, and 
the upper walls are drawn in, making a less diame- 
ter at the stock line. The-bosh is 22 feet in diame- 
ter, the total height 80 feet, the cubical capacity 18,950. 
There are eight tuyeres, each 5 inches in diameter. 

This furnace was ‘* blown in” in September, 1885, 
and in one week from starting, the volume of blast was 
27,000 cubic feet per minute, and was at this figure 
when the furnace cawe under my management. Within 
the next two months I reduced this volume to 22,000 
cubic feet, which was heated to a temperature of 1,300 
degrees. E 

The product for October was 6.320 tons, and for No- 
vember 6,306 tons, on a coke consumption of 2,396 lb. 
In December the output on the decreased volume of 
blast increased to 6,451 tons, and the consumption of 
coke had fallen to 2,172 |b. During the months of Janu- 
ary and February, 1886, we were unfortunately com- 
pelled to shut down for thirty-three days. In the 
month of March the output was 6,352 tons, on a coke 
consumption of 2,105 Ib. For the first twelve full 
months the output was 74,475 tons, on an average coke 
consumption of 2,250 lb. per ton of iron. During the 
last year that the furnace was in blast the volume of 
air was graduaily increased to 27,000 cubie feet per 
tinute. The inwalls were much worn, and the grade 
of iron had become variable; but with the increased 
volume of air, the working became very uniform, In 
the last eight months of the blast, the consumption of 
coke had risen to 2,500 lb. After a blast of twenty-six 
months, the furnace was blown out, having madea 
total output of 150,374 tons, on an average fuel con- 
sumption of 2,342 |b. per ton of iron. At no time in the 
blast did the coke consumption reach 2,600 lb. except in 
the third month before blowing out. The best output 
obtained in any single month was 6,730 tons. 

While these records were much better than any pre- 
viously obtained at the same works, it was evident 
that had the bosh walls been entirely protected with 
cooling plates, still better results would have been got. 
When exterior cooling jackets only are used, the pre- 
serving of the furnace lines depends wholly upon the 
carbon coating which is deposited upon the brick work 
as the latter wears away ; in fact, were it not for this 





! P . 
protection, the bricks would last but a very short time 


indeed. When this coating increases in thickuess, the 
furnace works far wore regularly and economically: 
and in a furnace considerably worn, the thickuess of this 
carbon wall is to a great extent the measure of its eco- 
nomical working. We have repaired bosh walls where 
only 6 inches of the brickwork remained; but inside was 
found this coating, 18 to 20 inches thick, firmly set, and 
far more difficult to penetrate with a drill than the 
firmest brick work. ut, while the thickness of this 
coating ay be increased at will, yet it can only be 
done at the expense of fuel; and so unstable is the 
formation, that the expensive operation of building up 
—extendinug over months—may be dissipated in a week 
or two, by running the furnace on an acid cinder, 

In Fig. 7 is shown the same furnace as in Fig. 5, with 
the bosh entirely protected by cooling plates inserted 
in the brick work. A comparison of the two drawings 
will show the changes in construction. The hearth 
has been widened to 11 feet diameter. The diameter 
of bosh is also increased 1 foot, and the stock line is 
reduced 15 inches. The hearth is protected by water- 
cooled plates, which from their slanting position ad- 
mit of a greater thickness of brick work at the bottom. 
These plates are practically automatic, as under an 
expansion of the brick work they slide up. In some 
cases they have raised as much as three inches. In the 
bosh are four rows of bronze cooling plates, eight 
plates forming the circle, and each plate having two 
water courses. In the two lower rows each plate is 
fed separately ; in the upper rows, two plates are con- 
nected together. We have found, from quite anumber 
of tests, that the water circulating throngh these plates 
increases 10 degrees in temperature. Cast iron cooling 
plates are also placed bet ween the tuyeres, the number 
of the latter being reduced to seven, 6 inches in diame- 
ter. The cubical capacity of the furnace is 17,230 feet. 

This furnace was ** blown in™ in March, 1887, and in 
April made 5,591 tons, on a coke consumption of 2,105 
lb. In May and June the output was small, a stoppage 
occurring op account of a shortage in the coke supply. 
In July the output increased to 6,243 tons, and in Sep- 
tember reached 7,064 tons, on a coke consumption of 
1,993 Ib. The volume of air blown was 24 000 cubic 
feet per minute, heated to an average temperature of 
1,200 degrees. This furnace continued to do excellent 
work until the following December, when a stoppage 
of four and a half months occurred, pending an adjust- 
ment of the wage question. In the nine months that 
the furnace had been in blast previous to this stop— 
and ineluding the stoppage on account of coke short- 
age—the fuel consumption did not exceed 2,160 lb. per 
ton of iron. In May, operations were again resumed. 
While the output soon reached the former figures, yet 
the coke consumption was rarely reduced for any one 
month—even to the end of the blast--below 2,300 Ib. 
In the period extending from October, 1888, to January, 
1890, the average monthly output was 7,000 tons, on a 
coke consumption of 2,350 lb. During this period the 
volume of air had been increased to 27,000 cubie feet 
per minute. The temperature of blast was still main- 
tained at 1,200 degrees. The average pressure of blast 
at the tuyeres was8 lb. On account of the brick work 
in the bosh being very much worn, the furnace was 
blown out after a run of 2 years 7 months and 17 days 
—exclusive of the time the furnace was banked. The 
output for the blast was 203.050 tons, on an average 
coke consumption of 2,342 lb. per ton of iron. The 
output for the first twelve full months was 72,554 tous, 
on a coke consumption of 2,230 lb. For the second 
twelve months, during which no stoppage occurred, 
the output was 83,219 tons. The best output made in 
any one month was 7,680 tons. 

It will be seen by the preceding description that the 
results both in output and economy of fuel have been 
materially affected by the long stops that the furnace 
was subjected to. Under a continuous run, much bet- 
ter results would have been got. 

The advantages of this system of cooling the bosh 
were very marked, and eitenas quite a number of 
plates were lost from various causes during the blast, 
yet, when a new one was inserted, the furnace invaria- 
bly showed an improvement in its working. 

In the next drawing, Fig. 8, is seen the same con- 
struction of hearth and bosh applied to one of our 
larger furnaces. In fact, the furnace just described 
was remodeled after this one. But for the purpose of 
comparing two consecutive blasts, I have placed it 
earlier, 

This furnace was built in 1885-86. The total height 
is 80 feet, the diameter of heartb 11 feet, the diameter 
of bosh 23 feet. The bell is twelve feet in diameter, 
and the stock line 16 feet. The cubical capacity is 
19,800 feet. The construction of hearth and bosh is 
the same as in the furnace just described. There are 
seven tuyeres, each 6 inches in diameter. 

The furnace was started in October, 1886. The ree- 
ord for the next three months is as follows : 








an | Lb. Coke per 
Months, Tons Ton a a 
eee iene -| 6.735 2.128 
PN ccidntaponsédp sive | 7,494 2,105 
SOMGRET. 20 « ccsccccccnsesocces| 8,398 1,935 
From January to May inclusive, the average 


monthly output was 8,159 tons, on a coke consumption 
of 1,980 lb. The volume of air blown was 27,000 cubic 
feet per minute, which was heated througl: an average 
temperature of 12,000 degrees. The pressure at the 
tuyeres varied from 9 to 10 lb., and was generally the 
latter figure when the outputs were largest. In June, 
the farnace was banked for eight days on account of 
searcity of coke, as previously mentioned. As this 
furnace had been doing such excellent work, the 
others were banked first, in order to give this one, if 
possible, a continuous blast. But the supply of coke 
failed, and although the stop was comparatively a 
short one, yet, as a result of it, the coke consumption 
increased to 2,300lb. The monthly output from this 
time, up to January, 1888, was 7,400 tons, when a second 
stoppage on account of labor troubles occurred. The 
length of this stop was sixty-seven days, and although 
the product was exceptionally large, even to the end 
of the blast—reaching in some months to over 8,000 
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tons—the consumption of coke increased to an average 

2,450 Ib. 
on is greatly to be regretted that our work does not 
show an uninterrupted blast ; since our records show 
in nearly every case a decrease in output and an in- 
crease in fael consumption from 150 to 200 Ib. per ton 
of iron, as a result of each ‘“bauking up.” 

A portion of the upper lining giving way in August, 
1889, the furnace was blown out. The last full month 
(July) in blast showed an output of 6,491 tons. The 
furnace was in blast—exclusive of the two stoppages I 
have wentioned—two years seven months and ten 
days, and made in that time 224,795 tons of iron, on an 


the day is not far distant when we shall be able to 
show a record of 300,000 tons from a furnace in three 
years and on a single lining. 

In the period covered by the last decade there are 
three steps in the development of American blast 
furnace practice that wight be mentioned—first, in 
1880, the introduction of rapid driving, with its large 
outputs and high fuel consumption ; second, in 1885, 
the production of an equally large amount of iron with 
a low fuel consumption, by slow driving; and third, in 
1890. the production of nearly double that quantity 
of iron, on a low fuel consumption, through rapid 
driving. 





ABSTRACT OF RESULTS. 
































er In First Twelve Full Months. 
Year in which : 
Designation of Furnace. a {he p 4 be Minute = ose Average Duily | Average Coke | CaPacity fur One 
Blast. Output. Oueput. Fe easunetien, Ton — per 
Cubie Feet. Cubic Feet. Tons. Tons. Tons, Lbs. Cubic Feet. 

Isabella . 1876 15,000 one 117,575 28,000 76 3,000 197 
Lucy, fig. 1 1878 15,400 16,000 92,128 33,552 91 2,850 169 
a sete 1880 6,396 15,000 ove eee "a *2,400 90 
a oF 1880 17,868 30,000 112,060 48,179 132 2,859 135 
ax’ es 1882 21,478 27,000 90,317 65,947 180 2,570 119 
oo ae 1885 16,680 31,000 118,000 64,998 178 2,677 90 
os «* 1885 18,950 22,000 150,374 74,475 204 2,250 92 
-“ 1887 17,230 24,000 203,050 $72,554 198 2,230 87 
o m8 1886 19,800 27,000 224,795 88,940 244 2,150 81 
o wo ® 1889 18,200 25,000 §113,000 310 1,920 59 




















© Estimated. 


+ After running nine months the volume of air was reduced to 28,000 cubic feet. 
t The second twelve full months, by reason of a continuous blast, shows an output of 83,219 tons on 2396 pounds of coke. 


§ Estimated from record made to date. 


average coke consumption of 2,317 lb. The output for 
the first twelve full wonths was 88,940 tons on 2,150 Ib. 
of coke. 

The efficiency of the cooling plates on the bosh walls 
was very warked in this case. The exterior brick 
work was in as good condition as at the beginning of 
the blast, neither a crack nor a brick forced out of 
position showing anywhere. After the stack was 
cleaned out a careful inspection was made. The bosh 
walls were found to be in good condition. A measure- 
ment at the bosh line showed that the furnace had 
widened out 18 inches, but with such uniformity that 
the widest variation shown by the gauge did not ex- 
ceed 2 inches. From the bosh line to the top of furnace 
the wear was very much greater. The furnace was re- 
lined without delay, and after a two week’s drying out 
was put in blast on September 25, 1889, just seven 
weeks from the time of blowing out. The construction 
is the same in every particular, except that the dia- 
meter of the bosh is reduced to 22 feet, and the stock 
line to 15 feet 6 inches. The lining runs straight from 
bosh to stock line. This change reduced the cubical 
capacity to 18,200 feet. The same number and size of 
tuyeres are used. The volume of air blown is 25,000 
cubic feet per minute, a reduction of 2,000 cubic feet 
from that used in previous blast. Beginning with 
October, the record of monthly outputs and coke con- 
sumption to the present time is as follows : 








Months. | Tons. SE 

— 

pens ccunseivas | 6,521 2,450 
UNI 5 n.<3540Ncaceeeus 9,097 1,897 
DUOC cna. eecdseanee | 10,603 1,756 
January, 1890.......... eéeecs| sae 1,737 
en Re. 8,954 1,859 
Mareh, yg RE ERE. 9.941 1,845 
April, pg ee RIES | 10,075 1,847 
May, fT  duamceenes sete | 10,035 1,884 








The best output for any one week is 2,462 tons. The 
temperature of blast averages 1,100 degrees, and the 
pressure 91°2 lb. The temperature of the escaping 
gases is 340 degrees. An average composition is 


CO, 27°5 per cent., COs, 11°7 per cent. 
CO, COs, 0°42 per cent. 


: Counting the time the furnace was running in the 
first blast and up to the end of May,1890, in the second 
blast, including also the time spent in relining, the 
period covered is three years and five months, and in 
that time this farnace has made an output of 301,205 
tons, a record which is unparalleled. In the month of 
May, this, together with a companion furnace of pre- 
cisely the same dimensions, made an output of 20,192 
tons, On an average coke consumption of 1,882 1b. per 
ton of iron. The ores used are from the Lake Superior 
region, and yield through the furnace 62 per cent. of 
Iron, 

The proportion of limestone carried is 28 per cent. of 
the ore burden, and about 1,200 lb. of cinder are made 
per ton of iron. The average analysis of the cinder is 


as follows : 
tah tacscerhieanes sees «33°00 per cent. 
Alumina.......... Se ‘“ 


The stone used contained but a very small quantity 
of magnesia. The silicon in the iron averages 1.60 per 
cent., the iron being run into ladles and sent to the 
converting mill direct. The suitableness of the metal 
for this “direct process,” as we term it, will be appre- 


ciated from the fact that under the rigid system of "| 


foundry grading—by the fracture—the average per- 
centage of Nos. 1 and 2 grades from all our furnaces 
for the first five months of this year was 95 per cent., 
and the analysis of one hundred ladles, filled consecu- 
tively from the furnaces, shows an average content of 
sulphur of 0 028 per cent. 

I shall not undertake to say what these furnaces will 
«ccomplish on an uninterrupted blast, but I believe 














In the above table I give a summary of ft! ored- 
ing data. 

THE ELECTRIC RAILWA\ 

A GLANCE over the report of the proc ogsof the 
last convention of the New York Sta. “ree! Rai 
way Association, held recently at Re ' Y 
would seem to indicate that in discussic: » the 
most improved methods of propulsi: the elvctris 
motor is not only occupying almost exclusive y ‘he at 


tention of street car wen, but has, during e last 
year, taken its place in advance of all its competivo: 
Not many would have ventured five years ago to pro- 
phesy that a body of men like those who met at 
Rochester would have found it advantageous to de- 
vote their time almost exclusively to the discussion 
of electrical systems of car propulsion. Such, how- 
ever, was the case. It was a noteworthy fact that the 
deliberations of this body were wore in the nature of 
a consideration of the efficiencies of the various sys- 
tems rather than a debate as to the advantages or dis- 
advantages of electric motive power as compared with 
the cable or any other non-electrical system. The ad- 
jective ‘‘ phenomenal” is often applied relative to the 
rapid development and introduction of the electric 
systems of street car propulsion in this country, and 
| without doubt electric railway men in the United 
| States have had many occasions for rejoicing during 
the last year. 

The introduction of electricity on the Boston street 
railway lines and the adoption of electricity at Min- 
|neapolis and St. Paul after it had been decided to put 
lin the cable, together with the substitution of elec- 
| tricity for horses on all the Milwaukee lines, were cer- 

tainly events of no little moment, but by far the great- 
est achievement bas been made in New York, where 
Jay Gould is reported as announcing his intention to 
substitute electricity on the elevated roads. Mr. Gould 
says the ‘‘L” road management is conducting experi- 
ments which will eventually result in the adoption of 
sowe particular system. Mr. Gould and General Mana- 
ger Hain both favor storage batteries, but it is feared 
| that at present the accumulator system will not prove 
commercially successful. In addition to this, the fact 
that C. B. Holmes, of cabie railway fame, has been in- 
vesting heavily in electric street railway equipment 
must not be overlooked. It is not to be wondered at, 
then, that the electrical equipment companies display 
a certain awount of pr, was wr Their business is 
sometimes referred to as being ‘in its infancy,” but 
those in the field at present, with factories running on 
overtime, appreciate to the greatest degree that while 
the ordinary mite of humanity grows first into boy- 
| hood, the so-called ‘‘infant,” electricity, has already 
advanced to a sturdy manhood. The records of a 
|number of the equipment companies substantiate the 
| above statement. The Edison General Electric Com- 
| pany, now exploiting the Sprague system, well known 
| as the one introduced on the historical Richmond, Va.. 
| Toad, reports that it has in the neighborhood of 125 
roads in operation, or iu process of construction. A 
| number of the Sprague roads are outside of the United 
| States. As the development of the application of elec- 
| trical power to the propulsion of street cars has gone 
| forward, one problem after another has been satisfac- 
| torily solved, until to-day the Edison Company claims 
| to have a system as near perfection as mechanical skill 
and inventive genius can develop. 

The special features of the Bdison system may be 
mentioned: The trolley wire or working conductor is 
carried over the center of the track upon span wires 
running from pole to pole across the street, or upon 
brackets attached to poles set on one side only. No 
change in the size of this wire is required with an in- 
crease in the number of cars running on the line. The 
| main current is carried by a conductor running paral- 

lel to the line wire, and supported on poles at the side 
of the street. From this feeder wire, tap wires are run 
at intervals of 500 feet to the trolley wire. By the use 
|of this parallel conductor and by means of special cut- 
outs for line sections, it is claimed there is absolute 
certainty, even in case of an accident upon any por- 
tion of the line, of the current always being furnished 
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to the cars, except immediately at the point of break- 
age. The main conductor wires are carried upon poles, 
and the span wires are thus not subjected to strain. 
The flexible suspension of the car motor is another 
feature. By this arrangement a spring contact can be 
maintained between the pinious and gears, and smwooth- 
ness and easy riding can be accomplished. This pre- 
vents the stripping of the gearing by sudden strains 
upon the car. In the Edison system no resistance box 
is used. A controlling switch throws sections of the 
field coils into different combinations, series, multiple, 
ete., and thus.governs the speed of the motor. he 
latest improvement in this motor is the adoption of the 
Eickeweyer armature. By the Eickemeyer method of 
winding the company claims to secure increased relia- 
bility, and also interchangeability of the coils. 

The Thomson-Houston Electric Company has equi 
ped street railway plants with its electrical system fn 
all parts of the United States from Maine to California, 
and from Miunesota to Texas, This company has at 
the present time about 150 roads in operation or in pro- 
cess of construction in the United States, and has also 
installed its electrical railway system in many of the 
foreign countries. In all cases it is claimed the appa- 
ratus is operating with wonderful satisfaction. 

The Thomson-Houston company considers the elec- 
tric railway problem more of a mechanical than an 
electrical one. It uses no commuted fields, claiming 
that it is better to spend a little wore money for coal, 
and avoid wear and tear. The motors are plain series 
wound and a rheostat is used to control the speed. 
Generally speaking, this company uses the trolley wire 
as a conductor, and only feeds where it is necessary on 
account of special grades or excessive work. 

The Short Electric Railway Company, of Cleveland, 
O., has, during the few months of its existence, taken 
a@ prowinent position in the field of electrical industry. 
Its works are associated with the works of the Brush 
Electric Company in Cleveland. At the beginning of 
its operations this company installed a series system, 
but this method of distribution has since been aban- 
doned. It is now exploiting a parallel system some- 


| what similar to that of the Thomson-Houston and 


= ent that is in connection with the distribution 
of current and the style of overhead construction. 
The Short motor bas an individuality as to mechanical 
and electrical construction. The field magnets, which 
ere four in number, are series wound op one coil on 
magnet, and the coils on the armature are entire- 

'e from each other. If one of the coils should 


ih nm ont, it does not touch any other coil on 


» orwoatuare of large diameter is used 
When the car is running 
oy» the armature re- 

> per minute. 
one us 6 ased, which are made of 
the best inachine ste. ‘The large gears are walle of 
mn webs bebween the tim and 
ib, These webs are pot there for the pirpose of 
ucedening e se i. aloo to sent for ipeolating 
the wotor fro ground, the ground eonpection 
being made ‘ ieet!s the motor to ti arecxie by 


me a} to ) at t rev: 


flexible cable counes:: r motor is jusplatec by 
heavy wooden beams. ‘This ruction is oased 
order to deaden the noise and to ; feet inaniation 


from the ground to the armature. 

The Detroit Electrical Works have rever*!y 
menced active work on a number of electric railway: 
The Rae system, which the company exploits, has as 
its special feature a single motor of large power attach- 
ed to a rigid frame support, a disposition which, it is 
claimed, secures — alignment and freedom from 
noise. The peculiar construction permits the use of 
large wearing parts and slow speed of armature shaft. 
The company has installed its system on nine roads 
which operate 71 cars. An interesting installation 
which the cowpany has recently wade is the Calumet 
electric rer which is of peculiar importance, inas- 
much as it is the first practical street railway ever op- 
erated by electricity in the limits of Chicago. 

One of the latest competitors in the electric railway 
field is the Westinghousecompany. The Westinghouse 
system ix operated at a constant potential of 500 volts. 
The overhead wire is used, and while there are no 
radical departures from existing methods of electric 
em this company claims great improvements 
in the details of mechanical construction and workman- 
ship. The Westinghouse motor is described in detail 
in another column. It may be mentioned that these 
motors and the Westinghouse generator are designed 
to be operated on any existing lines in connection with 
machines already installed. 

Electric traction with storage batteries was first at- 
tempted at the Paris Exposition of 1881. Two cars 
were run from the Place Concordat to Palais de I’In- 
dustrie. This was shortly after Faure and Julien had 
begun to introduce the storage battery ip Europe. In 
the early part of 1885, A. H. Bauer made sowe experi- 
ments with a storage battery car in Baltimore, Md., 
with varying degrees of success. In October, 1886, 
storage battery traction was brought prowinently be- 
fore the attention of engineers in this country bya 
Julien car which was put in service on Eighth Avenue, , 
New York City. That car was afterward transferred 
tothe Fourth and Madison Avenue line and was by 
degrees followed up by more cars, until in 1889 the 
largest installation of storage battery cars that had 
ever been attempted was made. ‘Ter. cars were put in 
actual service on the Fourth and Madison Avenue line 
in New York City and have continued in service up to 
the present time with the exception of an intermission 
brought about by adverse litigation. Mr. Wharton has 
now five or six cars in actual service on Lehigh Avenue, 
Philadelphia. That line is run exclusively by the aid 
of storage batteries. Another company is running four 
ears at Beverly, Mass., and has been doing so for over 
a year and with considerable success. 

he Electric Traction and Manufacturing Company 
has in New Orleans two storage battery cars in actual 
service, and has ten additional cars which it expects io 
lace in service by the first of November, while a num- 
rof additional cars are being constructed for New 
Orleans. 

Two Julien cars are in passenger service at Indiana- 
polis, Ind., it is understood with great success, 

A storage battery car ee by the Daft Electric 
Company, now the United Electric Traction Company, 
is and has been for several months past in service in 
Toledo, and with great success. It has carried as many 
as 1,100 passengers in one day. 
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One or two cars bave for some time been in service | 
on the Metropolitan Street railway in Washington, 
D OC, 

Leo Daft’s system and his electrical work on the New 
York elevated roads are well known. As one of the 
pioneers in electric street car propulsion, and in addi- 
tion to the special work on the New York elevated 
road, Mr. Daft has developed a system which is now 
being exploited by the United Electric Traction Com- 

y, of New York. ‘The new motor and truck recent- 
y brought out by this concern deserves more than a 
jing mention. 

The United Electric Traction Company claims that 
it has been found from practical experience that sus- 
xending the motor directly from the axle, and not at- 
ee it to the frame of the truck or car body, re- 
duces the noise toa minimum. This fundamental idea 
has been skillfully worked ont in a track which the} 
company has recently placed on the market. The mo- 
tor, which is of the consequent pole type, is hung to 
the rear axle of the four wheel truck, and the forward 
end of the motor hangs by a special flexible ring bear- 
ing to the forward axle. Laminated field magnets are | 
ewployed and the armature is of large diameter. This 
machine was designed to be adapted to either the over 
head system or accumulator work, 

The River and Rail Electric Light Company, of New 
York, is exploiting the Main storage battery for street 
car work, It hasa peculiar form of motor, which dif- 
fers materially from those ordinarily employed in 
street car work. The armature is stationary and the 
fields and brushes revolve. The car machinery per- 
mits the coupling of both axtes to a single motor with- 
out hard running action. The storage battery used by 
the company has no applied oxides of lead. It is 
formed by the action of the current alone in accord- 
ance with the Plante principle. 

The Puwpelly company, Chicago, has made a num- 
ber of experiments in street railway work with storage 
batteries, and believes that it has sueceeded in putting 
on the market a battery which is capable of doing 
street car work successfully. It operated in Detroit, 
some time ago, a storage battery car, equipped with 
ninety-six 150 ampere hour cells, anda Rae motor. The 
device for controlling the cells was so arranged that the 
car started with four series of cells in multiple. The 
next position of the switch placed the cells with two 
series in multiple, and the next, all the cells in series, 
This gave a gradual discharge of the cells. By this 
arrangement, the ceils are not called upon for a heavy 
rate of current, and three different speeds can be ob- 
tained without inserting resistance iu the circuit. The 
plates of the cell are separated by cellulose fiber, and 
this is so placed in the cell as to forma support to the 
entire surface of each plate. This seems to lengthen 
the life of the battery considerably, and the electro- 
lyte by this means is kept from splashing. This car | 
operated successfully on heavy loads, and made about | 
40 miles with each charge. The rate of speed attained | 
was about 15 miles, The car was stopped and started | 
on curves. The Pumpelly cell has also been used in| 
connection with the Patton electric car. This Patton | 
motor system has lately been attracting considerable | 
attention at Pullman, Lil, where an experimental car | 
has been exhibited. 

The system of street car propulsion adopted by the 
Accumulator Company, of New York, is known as the} 
‘** Edco system,” in which the energy is supplied from | 
accumulators placed under the seats of the car, the| 
motors being geared to the axle, with dust-tight cover- | 
ing, and gearing running in oil, thus securing the 
minimum of poise, and, of course, the loss of the 
smaliest quantity of power in friction. One or two} 
motors per car are used, according to the size of the 
ear. The motors and gearing are supplied by the Elee- 
tro Dynamic Company, of Philadelphia. 

One of the 16 foot cars of the accumulator company 
has been in daily successful use since August 12 upon 
the track of the Dubuque, Lowa, street railway. The 
charging current required is about 26 amperes at 225 | 
volts. The daily run has been about 75 wiles within | 
12 hours, including stops, and when heavy loads 
were carried it required about the same number of 
hours for charging as for running. The car has two 
12 horse power motors, and the cells being arranged in 
crates can either be shifted in and out at the sides, the | 
panels being swung for the purpose, or through the | 
ends of the cars on skids or rollers. The car carried on 
an average of 200 pay passengers daily, and on two oc- 
easions over 1,000. No difficulty was experienced in 
maintaining 5 miles an hour up a 4‘¢ per cent. grade, 
or 10 or12 mileson alevel. The track has a 60 Ib. 
rail well laid, and is generally level, with only a few 
grades of from 3 to 5 per cent., none being longer than 
400 feet. 

The Union Electric Car Company has also been run- | 
ning two cars equipped with the Stevens gearing and | 
batteries, made by the Accumulator company, upon 
the Beverly and Danversport, Mass., road, 34¢ miles 
long, for regular business since October, 1889 This 
track is very hilly, and the requirements severe, but it 
is said the performance of the two cars has been uni- 
formly satisfactory.— Western Electrician. 











M. GRAMME. 


In the report presented by the Comité des Arts! 
Economiques to the Société d’Encouragement pour 
Industrie Nationale, in which M. Gramme’s title to 
be awarded the Grande Medaille d’Ampére is set forth, | 

Maseart reminds the committee that it is to 
Pixii, under Ampere’s guidance, that we owe the first | 
machine which has enabled us to dispense with che- 
mical combinations in obtaining electrical currents 
Thereafter the chief difficulty was to manipulate the 
natural alternation of these currents, so as to give them 
a like direction in the exterior cireuit. Except in cer- 
tain particular applications, are lighting, for instance, 
where the inverse direction of the currents presented 
no inconvenience, the difficulty appeared to be insupe 
rable. | 

We can understand, therefore, the revolution that | 
took place when, in 1869. M. Gramme invented his ma- ! 
chine, It may be said that, for Paccinotti, the dis- 
covery existed in principle already, but if so, this must 
have been unknown not merely to Gramme, but also 
to the scientific world, or how account for the aston- 
ishment which Gramme’s diseovery evoked ? It must 
be borne in mind also that the feeling among compe- 
tent persons was not altogether of a nature to encour- 
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age a comparatively unknown inventor, for it must be 
remembered that Gramme, who was then a simple 
workman, had but lately arrived in Paris, knowing 
merely how to read, write, and cipher, in addition to 
having some ideas of design picked up at odd mo- 
ments. The best judges proved shortsighted in this 
case—even Breguet, who had received the inventor 
with his customary kindness, and defrayed the cost of 
patenting the invention, could hold out no hopes as 
to the future of the invention. 

Ten years later, at the International Exhibition of 
1881, there was not a machine of old or new world con- 
struction that had not its Gramme ring, and it is due 
to M Gramme that Frenchmen are able to boast that 
the first alternating current machine and the first con- 
tinuous current machine were both constructed in 
France. It is these immense services rendered to the 
industry in general, and particularly in France, that 
the society desires to honor, and to this effect it has 
been decided to award to M. Gramme a special medal 
bearing the effigy of Ampere, thus at the same time 
rendering homage to the immortal creator of electro- 
dynamies.—lectrical Review. 


IMPROVED EVAPORATOR FOR PRODUCING 
FRESH WATER FROM SALT WATER. 


THE evaporators illustrated by the engravings are 
exhibited at the Edinburgh Exhibition, by the Liver- 
pool and London Condenser Company among other 
exhibits of a similar class. The evaporators are de- 
signed to produce pure water from salt or other an- 
drinkable water, the heating agency being steam taken 
from some boiler of any working pressure. This steam, 
after giving up its latent heat in the evaporators, is 
sent back to its boiler separately without loss of water. 
The evaporators are made of single, double and triple 
type, the general features of the single apparatus being 
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vlaimed that they require no safety valve. The cool 
ing surfaces are of coils similarly made and fitted to 
those used in the evaporators above described, but 
of smaller diameter. ewakers state that the coilx 
have a bursting pressure of over 1,500 lb , and are equa! 
to a working load of 200 lb. per square inch.—The Hn- 
gineer. 


THE CHEAPEST FORM OF LIGHT.* 


THE object of this memoir is to show, by the study 
of the radiation of the fire fly, that it is ible to 
produce light without heat other than that in the 
fight itself, that this is actually effected now by 
nature’s processes, and that these are cheaper than 
our industrial ones in a degree hitherto unrealized. By 
“cheapest” is here meant the most economical in 
energy, which, for our purpose, is nearly synonymous 
with “heat.” But, asa given amount of heat is pro- 
ducible by a known expenditure of fuel at a known 
cost, the word cheapest may also here be taken with 
little error in its ordinary economic application. 

We recall that in all industrial methods of prodac- 
ing light there is involved an enormous waste, greatest 
in sources of low temperature, like the candle, lamp, 
or even gas illumination, where, as bas already been 
shown, it ordinarily exceeds 99 parts in the 100, and 
least in sources of high temperature, like the incan- 
descent light and electric are, where yet it is still im- 
wense, and amounts, even under the most favorable 
conditions, to very much the larger part. 

It has elsewhere} been stated that, for a given ex- 
pense, at least one hundred times the light should in 
theory be obtainable which we actually get by the 

resent most widely used methods of illumination. 

his, it will be observed, is given as a minimum value, 
and it is the object of the present research to de- 
wonstrate that not only this possible increase, but one 
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IMPROVED EVAPORATORS. 


preserved in each type. The illustration shows partly 
in sectional elevation the compound type of evapera- 
tor. Each type has an automatic feed regulator for 
preserving a constant levei of water in the evaporator, 
and also a feed water heater. The heating surfaces 
are composed of coils of solid-drawn copper tubes, 
tinned inside and outside, and with a sectional area, 
which is gradually diminished from the inlet end to 


the outlet end; while, however, the coils are of a taper- | 


ing section, the surface is maintained constant and 
uniform throughout. This is done by giving the tubes 
a section somewhat crescent-shape, the crescent being 
decreased in thickness from the entrance to the outlet 
end, the object being to keep the sectional area pro- 
portional to the steam inclosed. Each coil is inter- 
changeable, and spare coils may thus be readily fitted. 
The method of attaching the coils to the inside circular 
trunk pipes is as follows : 

The collars of the coils are grooved ; these grooves 
fit into corresponding grooves in the metallic joint, 
which is made of soft metal, thereby producing a steam 
and water tight joint. The evaporators have very 
large steam space, and have been designed with a view 
to ease and rapidity in cleaning and renewing parts. 
The trouble attending priming—which is said to bea 
common thing in machines of this kind—has been 
overcome with a working pressure up to 12 Ib. 

These evaporators are in use on board ship for mak- 
ing up the loss from the main boilers, so as to avoid de- 
posit therein of salt, and giving them a higher average 
steaming capacity. Machines of the same type have 
also been fitted in steamers for the production of drink- 
In some cases, it is said, these 
plants have a capacity of thirty tons per twenty-four 
hours. Apparatus of the same type are also in use 
abroad where fresh water is not accessible—the plant 
including evaporators, condensers and pumps. The 
water produced has been used for drinking purposes, 
and for the production of ice, for which latter purpose 
distilled water is found, as a rule, superior to ordinary 
town’s water. 

The fresh water condensers, made and exhibited by 
the firm, are adapted to any pressure of steam, It is 


| is shown that in t 


| still greater, is actually obtained now in certain 
| natural processes, the successful imitation of which we 
know of nothing to prevent. 

It is now universally admitted that wherever there 
| is light there has been expenditure of heat in the pro- 
| duction of radiation, existing in and as the luminosity 
| itself, since both are but forms of the same energy. 
But this visible radiant heat which is inevitably 
necessary is not to be considered as waste. The waste 
| comes from the present necessity of expending a great 

deal of heat in invisible forms before reaching even 
| the slightest visible result; while each increase of 
| the light represents not only the small amount of heat 
| directly eoncerned in the making of the light itself, 
| but a new indirect expenditure in the production of in- 
| visible calorific rays. Our eyes recognize heat mainly 
as it is conveyed in certain rapid ethereal vibrations 
| associated with high temperatures, while we have no 
usual way of reaching these high temperatures without 
passing through the intermediate low ones, so that, if 
| the voeal production of a short atmospheric vibration 
| were subject to analogous conditions, a high note 
could never be produced until we had passed through 
the whole gamut, from discontinuous sounds below 
the lowest base, up successively through every 
lower note of the seale till the desired alto was 
| attained, 

There are certain phenomena, long investigated yet 
| little understood, and grouped under the general name 
| of “phosphorescent,” which form an apparent exception 
to this rule, especially where nature employs them 
in the living organism, for it seems very difficult to 
believe that the light of a fire fly, for instance, is ac- 
companied by a temperature of 2,000° or more, 
which is what we should kave to produce to gain it 
| by our usual processes. That it is, however, not ne- 








* Abstract of an article by S. P. Langley and F. W. Very, published in 
the Amrican Journal of Sience for August, 1890.—Seience. 
+ See results of an investigation by S. P. Langley, read before the 
National Academy in 1883, call given in Science for June 1, 1883 where it 
he ordinary Argand burner gas flame indefinitely over 
99 per cent. of the radiant energy is (for illumination purposes) 
waste. 
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cessarily impossible, we may infer from the fact tha 
we “ap, by a known physical process, produce a still 
wore brilliant light without sensible heat, where we 
are yet sure that the temperature exceeds this. No 
sensible heat accompanies the fire fly’s light, any more 
than need accompany that of the Geissler tube. But 
this might be the case in either instance, even though 
heat were there, owing to its minute quantity, which 
sees to defy direct investigation. It is usually as- 
sumed, with apparent reason, that the insect’s light is 
produced without the invisible heat that accompanies 
our ordinary processes. And this view is strengthened 
by study of the fire fly’s spectrum, whieh has been fre- 

uently observed to diminish more rapidly toward the 
red than that of ordinary flames. 

Nevertheless, this, though a highly probable and rea- 
sonable assumption, remains assumption rather than 
proof until we can measure with a sufficiently delicate 
apparatus the heat which accompanies the light, and 
learn not only its quantity, but, what is more im- 
portant, its quality. Apart from the scientific interest | 
of such a demonstration is its economic value, which 
may be inferred from what has already been said. It 
therefore seems desirable to make the light of the fire 
fly the subject of a new research, in which it is en- 
deavored to make the bolometer supplement the 
very incomplete evidence obtainable from the visible! 
spectruin, 

As we may learn from elementary treatises, pheno- 
mena of phosphorescence are common to insects, 
fishes, mollusks, vegetables, and organic and mineral | 
matter. | 

Among luminous insects the fire fly of our fields is a 
familiar example, though other of the species at- 
tain greater size, and perhaps greater intrinsic bril- 
liancy, especially the Pyrophorus noctilucus, Linn., 
found in Cuba and elsewhere. Its length is about 37 
millimeters, width 11 millimeters, and it has, like 
Pyrophori, three light reservoirs—two in the thorax 
apd one in the abdomen. To procure this Cuban fire 
fly, the aid of the Smithsonian Institution was sought, 
and through the kindness of Professor Felipe Poey, of 
Havana, and Senor Albert Bonzon, of Sautiago de! 
Cuba, in the island of Cuba, living specimens of the} 
Pyrophorus noctilucus were received during the sum-} 
mer of 1889. 

After a preliminary spectral examination in Wash- 
ington, it was found more convenient to continue the 
research at the Allegheny observatory by means of the 
very special apparatus supplied by the liberality of the 
late William Thaw, of Pittsburg, for researches in the | 
lunar heat spectrum. Photometric measurements | 
throughout the spectrum of the insect’s light were} 
alsé made. 

Resuming, then, what we have said, we repeat that 
nature produces this cheapest light at about one four- 
hundredth part of the cost of the energy which is ex- 
pended in the candle flame, and at but an insignificant 
fraction of the cost of the electric light or the most 
economic light which has yet been devised, and that, 
finally, there seems to be no reason why we are for- 
bidden to hope that we may yet discover a method 
(since such a one certainly exists, and is in use on the 
small scale) of obtaining an enormously greater result 
than we now do from our present ordinary means for 
prodneing light. 








CONCERNING SPIDERS. 

In a corner of the ceiling a spider has made its web, 
or, better, its net. The housekeeper quickly takes her 
pope’s head and cruelly removes the little masterpiece. | 
This term “masterpiece” will cause a smile of compas- 
sion to appear on the face of the reader who has never 
known any spider webs but those wade dirty by dust, | 


| 








Fie. 1.—DOMESTIC SPIDER (Tegenaria), MALE 
AND FEMALE (the latter near her eggs). 


and who has never seen the animal at work, nor 
has observed the network issuing from its legs—we 
came near saying from its hands. The little animal 
that we so wrongly deery and cause children to fear 
had constructed this light. flexible, elastic web (which 
obtuine its elements of resistance from its suppleness, 
form and arrangement) of a long silky thread. The 
wind may agitate it as it does the sails of a ship. Like 
the flexible reed, it bends, but does not break. From 





being in the first place clean, glossy and white, it be- 
comes blackish and repugnant through getting cover- 
ed with the dust held in suspension in the atmosphere, 
and which the ascending currents of air carry up to; 
the ceiling. 

How is so small a being able to draw from its body 
so remarkable a length of thread, in an almost con- 
tinuous manner. If it merely unwound a bobbin, 
where would it find a place for the latter in its little 


? 

But the thread is formed only on its exit from the 
body, just as our beard and hair are. In the interior 
it is a thick, viscid, glutinous liquid, a soft paste se- 
creted by organs called glands. It is likewise glands 
that produce hair, tears, nails, nasal mucus, ear 
wax, etc. 

As soon as the paste reaches the air, it dries and be-| 
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Fie. 2.—DIFFERENT FORMS OF SPINNERETS. 





comes solid. Before its exit from the animal's body, 
the soft matter has no form. The spider expels it 
through two or three pairs of spinnerets that are situ- | 
ated at the lower part of the abdomen. The extremity | 
of the spinnerets contains numerous small apertures, | 
and to each of these corresponds a very small open 
tube. 

It is through these tubes that the pasty matter 
makes its exit. ‘hese various jets, still soft, unite and 
form but a single filament—the spider’s thread. This 
thread is therefore made up of a large number of 
threads. We way judge of the slenderness of the latter 
when we consider that the compound thread itself is 
the emblem of tenuity. 

Sometimes the spider is provided only with a sort 
of gland which produces merely a species of thread, 
and sometimes it is provided with several glands 
which furnish threads whose tenacity, tenuity and 
elasticity differ. Imagine a cow that gave various 
kiods of milk more or less rich in butter or caseous 
matter ! 

The role of the spider is not limited to the produc- 
tion of the raw material; like a skillful spinner, it 
finishes and polishes the crude thread and renders it 
regular, and then directs the filament thus prepared 
in order to iorm the net or web, or whatever you wish 
to call it. It draws everything from its own resources ; 
for it neither hemp nor flax is sown ; it is both a spin- 
ning and weaving machine; it carries with it the raw 
waterial, the mechanism and the machinist. 





flexibility must vary with its form, that is to say, ac- 
cording as it is more or less dense or more or less 
twisted. 

The structure of the web and its direction vary with 
the species. Thus the domestic spider (7egenaria) con- 
structs a web that is more or less irregular and is hori- 
zontal. It is a sort of hammock. Besides, it adds a 
tube, which is its dwelling, while the web is a trap for 
insects. 

The Epeira diadema constructs its net in a vertical 
plane. his species is the one that we especially refer 
to when we speak of the spider and its web, for this 
spider forms a well known net whose regularity bas 


i 








Fie. 3.—EXTREMITY OF LEGS. 


2. Seytodes. 3. Philwus, 


1. Epeira. 





Fie. 4—BUCCAL ORGANS. 


1. Epeira. 2. Tegenaria. 3. Clubiona. 
not struck observers solely. This regularity, however, 
is not geometrical, and certain modifications introduced 
into the form permit of recognizing the species. We 
distinguish webs as we do the nests of birds, although 
spiders do not, like birds, employ various waterials. 
et the method and processes are the same, since they 
derive everything from themselves. 

The manner in which the web is constructed has 
oftentimes been described with more complacency and 
talent than accuracy. We shall try to describe this 
remarkable work with precision. The Epeira, having 
selected a point of a branch or some other object, al- 
lows the liquid to exude frem its spinnerets in varying 
quantity. The thread is very light, and the least 
breath of air, which would not cause a ripple upon the 
surface of water, is sufficient to carry it forward in the 
direction that it is blowing. It thus reaches a new 
branch at a certain distance from the first. The spider 
fixes it to this, and afterward draws it in until it is 
sufficiently taut. This done, it repeats the operation, 
starting from the second fixed point, and selecting a 
new point situated lower than the first. It afterward 
returns to the first thread, which it traverses in part, 
and stops at a certain point, whence it goes to rejoin 
the second. It thus constructs a sensibly vertical and 
always inclined triangle, whose angles it truncates and 
makes plane sides of. This external framework, the 
scaffolding of the web, properly so called, is composed 
of a stronger thread than that of the radii and cross 





The extremities of its feet are true combs, some hav- 


threads. It now returns to the first thread, and is ob- 





Fie. 5.—EPEIRA 


ing fine and close teeth, and others strong and distant 
ones. It is interesting to see it at work, turning aside 
the thread with one leg or guiding it through the 
teeth, just as a woman, comb in hand, makes furrows 
in her hair when she is dressing it. 

The spinnerets are not all grouped in the same way. 
Some are arranged in bundles, and others in clusters. 
It is quite natural to conclude from this that the 
thread has not the same qualities in these various 





cases, and that its diameter, tenacity, elasticity and 


DIADEMA AND ITS WEB. 


served to move forward with assurance and without 
appearing to experience the least vertigo. It reaches a 
point whence, letting down a thread to the opposite 
side of the frame, it passes through the middle. As 
the spider walks, the thread follows it like a slack 
cord, and it is not until the second extremity has been 
fixed that the spider gives it the proper tension, after 
the manner of a violinist tightening the strings of his 
instrument. Starting from the center of the last 
thread, it now proceeds to direct radii to the various 
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parts of the frame, and, asa general thing, regularly | 
and systematically. In order to construct each radius, 
it walks along the preceding one, and, at the same} 
time, produces its thread. This new thread is pushed 
aside by one of the spider's hind legs in order that the | 
two threads way not become agglutinated. The ani- | 
mai thus reaches the frame, along which it moves for | 
an instant, all the time secreting thread. It afterward | 
tixes the extremity and tautens the thread so that the 
new radius becomes the third side of a triangle of 
which the spider has traversed the two other sides, 
All are constructed in the same way. The radii are) 
reguiarly spaced, and the angles formed by two con- | 
secutive radii are sensibly equal. } 

Starting from the center, the spider then constructs | 
a spiral which extends as far as to the frame, and, | 
curiously enough, this is made with a dry and not a} 
glutinous thread. Starting from a certain distance, it | 
arranges transverse threads, which run from one radius 
to another, and which, as a whole, form a nearly reg- 
ular polygon. These threads are giutinous, and, in 
measure as they are formed, the spider destroys the 
corresponding portion of the spiral, of which it allows 
only the first spirals around the center to remain. It 
would seem as if the spiral serves only as a scaffolding. 

Some species leave a free space between two radii, 
and others construct a fixed sinuous ribbon, in which 
they place their eggs. 

A close examination of the threads shows that those | 
of the spiral differ from those of the polygon. They | 
have neither the same color not the same form. Those | 
of the polygon are formed of a row of globules com- 
parable to pearls spaced along a string. 

With sedentary species, the network is at once a 
trap and a dwelling place. The animal does not go 
hunting—it does not run after fortune, but awaits it in 
its nest, and this exposes it to the danger of a fast. But 
flies are numerous in the interior of our houses and 
out of doors. Woe to the insect that happens heed- 
lessly to strike the fragile edifice. The spider feels a 
vibration under its legs, gives a single bound from its 
dwelling, falis upon the imprudent insect, pierces it 
with its fangs, and, at the same time, injects into the 
wound an imperceptible drop of venom. It then 
drinks in the blood of its vietim from the soft parts of 
the body, and leaves the remainder of its repast upon 
the web. If the fly struggles, the spider surrounds it 
with a few revolutions of thread in order to impede its 
movements ; but if the animal is strong enough to en- 
danger the solidity of the web by the shaking that it 
irives it, the spider will be the first to get rid of it by 
breaking a few meshes.—La Nature. 


ANTHROPOLOGY.* 
By JoHn EVANs 








IN the year 1870 [I had the honor of presiding over 
what was then the Department of Ethnology in the 
Biological Section of the British Association at its 
meeting in Liverpool. Since that time twenty vears 
have elapsed, during the greater portion of which pe- 
riod the subjectsin which we are principally interested 
have been discussed in a department of anthropology 
forming part of the organization of the biological sec- 
tion, although since 1883 there has been a new section 
of the Association, that of anthropology, which has 
thus been placed upon the same level as the various 
uther sciences represented in this great parliament of 
knowledge. This gradual ad vance in its position among 
other branches of science proves, at all events, that, 
whatever way have been our actual increase in know- | 
lege, anthropology has gained and not lost in public 
estimation, and the interest in all that relates to the 
history, physical characteristics, and progress of the 
human race is even more lively and more universal 
than it was twenty years ago. During those years 
much study has been devoted to anthropological ques- 
tions by able investigators, both in England and 
abroad, and there is at the present time hardly any 
civilized country in the world in which there has not 
been founded, under some form or another, an an- 
thropological society, the publications of which are 
yearly adding a greater or less quota to our knowledge. 
The subjects embraced in these studies are too numer- 
ous and too vast for me to attempt even in a cursory 
manner to point out in what special departments the 
principal advances have been made, or to what extent 
views that were held as well established twenty years 
ago have had either to be modified in order to place 
them on a surer foundation or have had to be abso- 
lutely abandoned. Nor could I undertake to enumer- 
ate all the new lines of investigation which the inge- | 
nuity of students has laid open, or the different ways | 
infwhich investigations that at first sight might appear | 
more curious than useful have eventually been found | 
to have a direct bearing upon the ordinary affairs of | 
human life, and their results to be susceptible of ap- | 
plication toward the promotion of the publie welfare. | 

| may, however, in the short space of time to which 
anv opening address ought to be confined, call your at- 
tention to one or two subjects, both theoretical and 
practical, which are still ander discussion by anthro- 
pologists, and on which as yet no general agreement 
has been arrived at by those who have most complete- 
ly gone into the questions involved. 


ANTIQUITY OF THK HUMAN RACK. 

One of these questions is : What is the antiquity of 
the human race, or rather what is the antiquity of the 
earliest objects hitherte found which can with safety 
be assigned to the handiwork of man? This question 
is susceptible of being entirely separated from any 
speculations as to the genetic descent of mankind; and, 
even were it satisfactorily answered to-day, new facts 
might to-morrow come to light that would again throw 
the question entirely open. On any view of probabili- 
ties, it is in the highest degree unlikely that we shall 
ever discover the exact cradle of our race, or be able to 
point to any object as the first product of the industry 
and intelligence of man. We may, however, I think, 
hope that from time to time fresh discoveries may be 
made objects of human art, under such circumstances 
and conditions that we may infer with certainty that 
at some given point in the world’s history mankind ex- 
isted, and in sufficient numbers for the relics that at- 
test this existence to show a correspondence among 





* Opening address, British Association, Section H, 1800, by John 
Evans, D.C.L.. LL.D., D.Sc., Treas. R.S., Pres. S.A., F.L.S., F.G.S., 
President oF the Section. 


| it was not without reason that he quoted the saying of 


| the Quaternary period, and was a contemporary of 


| time required for the erosion of the river valleys in 


themselves, even when discovered at remote distances 
from each other. 

Thirty-one years ago, atthe meeting of this Associa- 
ton at Aberdeen, when Sir Charles Lyell, in the geo- 
logical section, called attention to the then recent dis- 
coveries of paleolithic implements in the valley of the 
Somme, his conclusions as to their antiquity were re- 
ceived with distrust by not a few of the geologists pre- 
sent, Five years afterward, in 1864, when Sir Charles 
presided over the meeting of this Association at Bath, 


the Irish orator that ‘‘ They who are born to affluence 
cannot easily imagine how long a time it takes to get 
the chill of poverty out of one’s bones.” Nor was he 
wrong in saying that ** We of the living generation, | 
when called upon to make grants of thousands of years 
in order to explain the events of what is called the 
modern period, shrink naturally at first from making 
what seems so lavish an expenditure of past time. 
Throughout our early education we bave been accus- 
tomed to such strict economy in all that relates to the 
chronology of the earth and its inhabitants in remote 
ages, so fettered have we been by old traditional be- 
liefs, that even when our reason is convinced, and we 
are persuaded that we ought to make more liberal 
grants of time to the geologist, we feel how hard itis to 
get the chill of poverty out of our bones.” 

And yet of late years how little have we heard of any 
scruples in accepting as a recognized geological fact 
that both on the Continent of Europe and in these 
islands, which were then wore closely connected with 
that continent, man existed during what is known as 


the mammoth and hairy rhinoceros, and of other ani- 
mals, several of which are either entirely or locally ex- 
tinct. It is true that there are still some differences of 
opinion as to the exact relation in time of the beds of 
river gravel containing the relics of man and the Qua- 
ternary fauna to the period of great cold which is 
known as the Glacial period. Some authors have re- 
garded the gravels as Preglacial, some as Glacial, and 
some as Postglacial ; but, afterall, this is wore a ques- 
tion of terms than of principle. Ali are agreed, for in- 
stance, that in the eastern counties of England imple- 
ments are found in beds posterior to the invasion of 
cold conditions in that particular region, though there 
may be doubts as to how muck later these conditions 
may have prevailed in other parts of this country. All, 
too, are agreed that since the deposit of the gravels con- 
siderable changes have taken place in the configuration 
of the surface of the country, and that the time neces- 
sary for such changes must have been very great, 
though those in whose bones the chill of poverty still 
clings are inclined to call in influences by which the 





which the gravels occur may be theoretically dimin- 
ished. 

On the other hand, there have been not a few who, 
feeling that the evidence of the existence of the human 
race has now been satisfactorily established for Qua- 
ternary times, and that there is no proof that what has 
been found in the ordinary gravels belongs to any- 
thing like the first phases of the family of man, have 
sought to establish his existence in far earlier Tertiary 
times. In the view that earlier relics of man than those 
found in the river gravels may eventually be discovered, 
most of those who have devoted special attention to | 
the subject will, I think, concur. But such an exten- 
sion of time can only be granted on conclusive evidence | 
of its necessity ; and, before accepting the existence of | 
Tertiary man, the grounds on which his family tree is 
based require to be most carefully examined. 

Let we say afew words as to the principal instances 
on which the believer in Tertiary man relies. These 
may be classified under three heads :* (1) The pre- 
sumed discovery of parts of the human skeleton; (2)! 
that of animal bones said to have been cut and work- 
ed by the hand of man; and (8) that of flints thought 
to be artificially fashioned. 

On most of these | have already commented else- 
where.| Under the first head I may mention the skull | 
discovered by Prof. Coechi, at Olmo, near Arezzo, with 








' which, however, distinctly Neolithic implements: were | 
associated ; the skeletons found at Castelnedolo, of! 


which I need only say that M. Sergi, who described the 
discovery, regarded them as the remains of a family 
party who had suffered shipwreck in Pliocene times ; 
and the fossil man of Denise, in the Auvergne, men- | 
tioned by Sir Charles Lyell, who may have been buried 
in more recent times under lava of Pilocene date. On 
these discoveries no superstructure can be built. The 
Calaveras skull seems to have better claims to high an- 
tiquity. It is said to have been found at a depth of | 
153 feet in the auriferous gravels of California. con- | 
taining rewains of mastodon, and covered by five or} 
six beds of lava or volcanic ashes. But here again | 
doubts enter into the case, as well fashioned mortars, 
stone hatchets, and even pottery, are said to occur in 
the same deposits. In the same way the discoveries of | 
M. Ameghino at the mouth of the Plata, in the Argen- 
tine Republic, require much further corroboration, 
The presumably worked bones which I have placed 
| in the second category, such as those with incisions in 
| them from St. Prest, near Chartres, the cut bones of 
| Cetacea in Tuscany, the fractured bones in our own 
| crag deposits, and numerous other specimens ofa simi- 
| lar character, have, by most geologists, been regarded 
as bearing marks entirely due to natural agencies. It 
seems wore probable that in bones deposited at the 
bottom of Pliocene seas, cuts and marks should have 
been produced by the teeth of carnivorous fish than 
by wen who could only have lived on the shores of the 





been produced. 

As to the third category, 
ported to have been found in Tertiary deposits, those 
best known are from St. Prest and Thenay, in the 
northwest of France, and Otta, in Portugal. 
| These three localities I have visited, and though at 
the two former the beds in which the flints were said to 
have been found are certainly Pliocene, there is consid- 
erable doubt in some cases whether the flints have been 
fashioned at all, and in others, where they appear to 
have been wrought, whether they belong to the beds 











| *See A, Arcelin, “ L’'Homme Tertiaire,” Paris, 20 Rue de la Chaise, 


the instruments of flint re- | 





+ Trans. Herts, Nat. Hist. Soc,, vol. i, p. 145; ‘Address to the An- 
throp. Inst,, 1883," Anth, Journ., vol. xii., p. 565. 


in which they are reported to have been found, and 
have not come from the surface of the ground. Even 
the suggestion that the flints of Thenay were fashioned 
by the dryopithecus, one of the percursors of man, has 
now been retracted. At Otta the flakes that have been 
found present, as a rule, only a single bulb of percus- 
sion, and, having been found on the surface, their evi- 
dence is of small value. The exact geological age of 
the beds in which they have occurred is, moreover, 
somewhat doubtful. On the whole, therefore, it ap- 
pears to me that the present verdict as to Tertiary man 
must be in the form of ‘‘ Not proven.” 

When we consider the vast amount of time comprised 
in the Tertiary period, with its three great principal 
subdivisions of the Eocene, Miocene, and Pliocene, and 
when we bear in mind that of the vertebrate land ani- 
mals of the Eocene no one has survived to the present 
time, while of the Pliocene but one—the hippopotamus 
—remains unmodified, the chances that man, as at 
present constituted, should also be a survivor from that 
period seem remote, and against the species homo sa- 
piens having existed in Miocene times almost incalcu- 
lable. The a priori improbability of finding man un 
changed, while all the other vertebrate animals around 
him have, from natural causes, undergone more or less 
extensive modification, will induce all careful investi- 
gators to look closely at any evidence that would carry 
him back beyond Quaternary times, and though it 
would be unsafe to deny the yo ageme of such an 
early origin for the human race, it would be unwise to 
regard it as established except on the clearest evidence. 


ORIGINAL HOME OF THE ARYAN FAMILY. 


Another question of more general interest than that 
of the existence of Tertiary man is that of the origin 
and home of the Aryan family. The views upon this 
subject have undergone important modification during 
the last twenty years. The opinions based upon com- 
parative philology alone have received a rude shock, 
and the highlands of Central Asia are no longer ac- 


| cepted without question as the cradle of the Aryan 


family, but it is suggested that their home is to be 
sought somewhere in Northern Europe. While the 
Germans contend that the primitive Aryans were the 
bine-eyed dolichocephalice race of which the Seandina- 
vians and North Germans are typical exawples, the 
French are in favor of the view that the dark-haired 
brachycephaliec race of Gauls, now well represented in 
the Auvergne, isthat of the primitive Aryans. I am 
not going to enter deeply into this question, on which 
Canon Isaac Taylor has recently published a compre- 
hensive treatise, and Mr. Frank Jevons a transiation of 
Dr. Sehrader’s much more extensive work, ‘* The Pre- 
historic Antiquities of the Aryan Peoples.” Looking 
at the changes that all languages undergo, even when 
they have the advantage of having been reduced into 
the written form, and bearing in mind the rapidity 
with which these changes are effected, bearing in mind 
also our extreme ignorance of the actual forms of lan- 
guage in use among prehistoric races unacquainted 
with the art of writing, I, for one, cannot wonder at 
something like a revolt having arisen against the dog- 
matic assertions of those who have, in their efforts to 
reconstruct early history, confined themselves simply 
to the comparative study of languages and gramwar. 
But, notwithstanding any feeling of this kind, I think 
that all must admire the enormous industry and the 
varied critical faculties of those who have pursued 
these studies, and must acknowledge that the results 
to which they have attained cannot lightly be set 


| aside, and that, so far as language alone is concerned, 


the different families, their provinces, and mutual rela- 
tions have, in themain, become fairly established. The 
study of “linguistic paleontology,” as it has been 
termed, will help, no doubt, in determining still more 
accurately the affinities of the different forms of lan- 
guage, and in fixing the dates at which one separated 
from another, as well as the position that each should 
occupy on the family tree—if such a tree exists. But 
even here there is danger of relying too much on nega- 
tive evidence, and the absence in the presumed original 
Aryan language of special words for certain objects in 
general use ought not to be regarded as affording ab- 
solute proof that such objects were unknown at the 
time when the languages containing such words sepa- 
rated from the parent stock. 

Not only Prof. Huxley, but Broca and others have 
insisted that language asa test of race is as often as not, 
or even more often than not, entirely misleading. The 
manner in which one form of language flourishes at the 
expense of another; the various ways in which a lan- 
guage spreads even otherwise than by conquest ; the 
fact that different races, with totally different physical 
characteristics, are frequently found speaking the same 
language, or but slightly different dialects of it—all con- 
duce to show how imperfect a guide comparative phi- 
lology may be so far as anthropological results are 
concerned. 

Of late, prehistoric archeology has been invoked to 
the aid of linguistic researches; but here again there is 
great danger of those who are most conversant with 
the one branch of knowledge being but imperfectly ac- 
quainted with che other. The different conditions 
prevailing in different countries, the degrees of inter- 
course with other more civilized nations, and local cir- 
cumstances which influence the methods of life, all add 
difficulties to the laying down of any comprehensive 
scheme of archzxological arrangement which shall em- 
brace the relics, whether sepulchral or domestic, of 
even so limited an area as that of Europe. We are all 
naturally inclined to assume that the record of the 
past is comparatively complete. But in archzology 


seas, and who have left behind them no instruments; 0 more than geology does this appear to be the case. 
by which such cuts as those on the bones could have | 


The interval between the period of the river gravels 
and that of the caves, such as Kent’s Cavern, in Eng- 
land, and those of the reindeer period of the south of 
France, may have been but small, but our knowledge 
of the transition is next tonone. The gap between the 
Paleolithic period and the Neolithic has, to my mind, 
still to be bridged over, and those who regard the oc- 
cupation of the Belgian caves as continuous from the 
days of the reindeer down to late Neolithic times seem 
to me possessed of great powers of faith. Even the re- 
lations in time between the kjokkenmoddings of Den- 
mark and the remains of the Neolithic age of that 
country are not as yet absolutely clear; and who can 
fix the exact limits of that age? Nor has the origin 
and course of extension of the more recent bronze Cl- 
vilization been as yet satisfactorily determined ; an 

until more is known, both as to the geographical and 
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chronological development of this stage of culture, we 
ean hardly hope to establish any detailed succession in 
the history of the Neolithic civilization that went be- 
fore it. In the meantime, it will be for the benefit of 
our science that speculations as to the origin and home 
of the Aryan family should be rife; but it will stil! 
more effectually conduce to our eventual knowledge of 
this most interesting question if it be consistently borne 
in mind that they are but speculations. 


PROGRESS OF KTHNOLOGY, 


‘Turning from theoretical to practical subjects, I may 
call attention to the vastly improved means of compari- 
son and study that the ethnologists of to-day possess 
as compared with those of twenty years ago. Not only 
have the books and periodicals that treat of ethnology 
multiplied in all European languages, but the number 
of museums that have been formed with the express 

purpose of illustrating the manners and customs of the 
Ewer races of mankind has also largely increased. On 
the Continent, the museums of Berlin, Paris, Copen- 
hagen, and other capitals have either been founded or 
greatly improved ; while in England our ethnological 
collections infinitely surpass, both in the number of ob- 
jects they contain and in the method of their arrange- 
went, what was accessible in 1870. The Blackmoor 
museum at Salisbury was at that time already founded, 
but has since been considerably augmented. In Lon- 
don also the Christy collection was already in exist- 
ence, and calculated to form an admirable nucleus 
around which other objects and collections might clus- 
ter, and, thanks in a great degree to the trustees of 
the Christy collection, and in afar greater degree to 
the assiduous attention and unbounded liberality of 
the keeper of the department, Mr. Franks, the ethno- 
logical galleries at the British Museum will bear com- 
parison with any of those in the other European capi- 
tals. Thecollection of prehistoric antiquities, enlarged 
by the addition of the fine series of urns and other relics 
from British barrows explored by Canon Greenwell, 
which he has generously presented to the nation, and 
by other accessions, especially from the French caverns 





of the reindeer period, is now of the highest import- 
ance. Moreover, for purposes of comparison the collec- | 
tions of antiquities of the stone and bronze periods 

found in foreign countries is of enormous value. In 

the ethnological department the collections have been | 
materially increased by the numerous travelers and 

missionaries which this country is continually sending 

forth to assist in the exploration of the habitable | 
world; and the student of the development of human | 
civilization has now the actual weapons, implements, | 
utensils, dress, and other appliances of most of the 

known savage peoples ready at hand for examination, 

and need no longer trust to the often imperfect repre- 

sentations given in books of travel. But besides the 

collection at Bloomsbury there is another most import- 

aut museum at Oxford, which that university owes to 
the liberality of General Pitt-Rivers. It is arranged in 

a somewhat different manner from that in London, the 

main purpose being the exhibition of the various modi- 

fications which ornaments, weapons, and instruments 

in common use have undergone during the process of 
development. The skillful application of the doctrine 
of evolution to the forms and characters of these pro- 

ducts of human art gives to this collection a peculiar | 
charm, and brings out the value of applying scientific 
methods to the study of all that is connected with hu- 
man culture, even though at first sight the objects 
brought under consideration may appear to be of the 
most trivial character. 

So faras the museums more intimately connected 
with anthropology are concerned, the advance that has 
been made has been equally well marked. The osteolo- 
gical collections both at the Royal College of Surgeons 
and at the Natural History Museum have received im- 
portant accessions, especially in the craniological de- 
partment; and the notable addition of the Barnard 
Davis collection to that previously existing in Lincoln’s 
Inn Fields has placed the Museum of the College in the 
foremost rank. The museums at Oxford and Cam- 
bridge have also received most important accessions : 
the one, of the Greenwell collection from British bar- 
rows ; the other, of the Thurnam collection uf skulls. 

The value of the small hand book for travelers, issued 
under the title of ‘‘ Anthropological Notes and Queries,” 
has been proved by the necessity for a new edition, 
toward which the British Association has made a grant. 
Some delay in the publication of the new issue has 
taken place, but I hope that the report of the com- 
mittee in charge of the work may give assurance of the 
book being now in a forward state. 


PHYSICAL CAPACITY OF INDIVIDUALS. 


The feasibility of assigning trustworthy marks for 
physical qualifications in candidates for posts either in 
the military or civil departments of the State has now 
for some time been attracting more or less of public at- 
tention, and the subject has been taken up by the 
council of this association, The resuit of their cow- 
munications on this subject with the government has 
been made known in their report, and I need not 
enter into the history of the correspondence that has 
passed upon the question. Whatever course may at | 
the present time be adopted, we may, I think, feel con- 
fident that eventually due weight will have to be at- 
tached to physical capacity in selection for appoint- 
ments in the military branch of the public service, for 
which, indeed, at the present time a medical examina- 
tion has to be passed. Thanks to the ingenuity of 
Mr. Francis Galton and others, we have now instru- 
ments at our command, not only for testing muscular 
force, breathing capacity, and other bodily character- 
istics, but also for ascertaining the closeness and rapid- 
ity of connection between the organs of seeing and 
hearing and the action of the muscles required to be 
brought into play. In these experiments nervousness, 
no doubt, is to some extent a factor, but perhaps the 
rough and ready test of the South American com- 
mander was, for ascertaining the presence or absence 
of nervousness, even more effective. When promo- 
tion of some officer was about to be made upon the 
fleld, the general caused all the possible candidates to 

arranged around him, each armed with a flint and 
steel and a cigarette, and he who first was satisfacto- 
rily smoking was promoted then and there. 
eee witb the question of general physical 
: pacity is that of the proper appreciation of colors, 
1e absence of which is a fruitful source of danger, 





both by land and at sea. It is, indeed, impossible to 


say how often an apparently inexplicable accident ay 
not have arisen from some form of color blindness, 
such as the inability to distinguish red from green, ina 
person in charge of a ship, a train, or of pointson a 
railway. True, there are some forms of examination 
to be gone through, both by wariners and railway of- 
ficials, with the view of testing their powers and cor- 
rectness of vision ; but it is very doubtful whether the 
tests employed or the manner in which the examina- 
tions are conducted can be regarded as in all respects 
satisfactory. For the purpose of investigating the 
phenomena, and, if pessible, the physical causes of 
color blindness and allied defects of vision, and also 
with the view of suggesting improvewents in the 
methods of determining the existence of such defects 
in candidates for maritime or railway ewployment, the 
council of the Royal Society has appointed a special 
committee. Its labors, however, are not yet finished, 
and no report has hitherto been received from the 
committee. I mention the subject as one in which all 
anthropologists will be interested, and the importance 
of which must be universally acknowledged. The most 
singular feature in the case is that the subject, though 
carefully investigated by several private inquirers, 
should have waited so long before being submitted to 
some public or quasi-public body for investigation. 
ANTHROPOLOGICAL SURVEYS. 

The subjects of an anthropological survey of the 
tribes and castes in our Indian possessions, and of the 
continued investigation of the habits, customs, and 
physical characteristics of the Northwestern tribes of 
the Dominion of Canada, were both recommended for 
consideration to the council of this Association by the 
general committtee at the meeting at Newcastle. We 
have heard fromthe report of the council what has 
been dune in the matter. The rapidity with which the 
various native tribes in different parts of the world are 
either modified, or in some cases exterminated, affords 
a strong argument for their characteristics, both phys- 
ical and mental, being investigated without delay. 

There are, indeed, now but few parts of the world 
the inhabitants of which have not, through the enter- 
prise of travelers, been brought more or less completely 
within our knowledge. Even the center of the dar 
African continent promises to become as well known as 
the interior of South America, and tothe distinguished 
traveler who has lately returned among us, anthro- 
pologists as well as geographers owe their warmest 
thanks. It is not a little remarkable to find so large a 
tract of country still inhabited by the same diminutive 
race of human beings that occupied it at the dawn of 
European history, and whose existence was dimly re- 
cognized by Homer and Herodotus. The story related 
by the latter about the young men of the Nasamones 
who made an expedition into the interior of Libya and 
were there taken captive by a race of dwarfs receives 
eurious corroboration from modern travelers, Hero- 
dotus may indeed slightly err when he reports that the 
color of these pygmies was black, and when he regards 
the river on which their principal town was situated as 
the Nile. Stanley, however, who states that there are 
two varieties of these pygmies, utterly dissimilar in com- 
plexion, conformation of the head, and facial character- 
istics, was not the first to rediseover this ancient race. 
At the end of the sixteenth century, Andrew Battel, 
our countryman, who having been taken captive by 
the Portuguese, spent many years in the Congo dis- 
trict, gave au account of the Matimbas, a pygmy nation 
of the height of boys of twelve years old; and in la- 
ter times Dr. Wolff aud others have recorded the ex- 
istence of the same or similar races in Central Africa. 
Nor must we forget that fora detailed account of an 
Acea skeleton we are indebted to the outgoing presi- 
dent of this association, Prof. Flower. It is not, how- 
ever, my business here to enter into any detailed ac- 
count of African exploration or anthropology. I have 
made this incidental mention of these subjects rather 
from a feeling that in Africa, as well asin Asia and 
America, native races are in danger of losing their 
primitive characteristics, if not of partial or total ex- 


termination, and that there also the anthropologist | | 


and naturalist must take the earliest possible oppor- 
tunities for their researches. Already the day is past 
when the similitude drawn by Anaxilas between music 
and Africa holds good, and even Cornelius Agrippa 
could no longer maintain that he * sayeth not amisse : 
By God, sayeth he, Musicke is even like Affricke; it 
yearely bringeth foorth some straunge Beaste.”* 








THE LATEST DISCOVERIES AT THE LICK 
OBSERVATORY. 


THE great telescope of the Lick Observatory is ar- 
ranged so that it is available for three distinct kinds 
of astronomical research. It can be used as a seeing 
iustrument to examine the features of a planet, etc., 
aud to measure the distances from cne star to another 
near it. It can also be used as a gigantic photographic 
camera, sixty feet in length, to obtain the impression 
of star clusters and nebule ou sensitive plates; and it 
can likewise be employed to collect and concentrate 
the luster of the planets, stars and nebula, so that 
their light may be advantageously examined by a 
powerful spectroscope. 

The spectroscope can be used for two quite different 
purposes. By comparing the spectrum of a star or 
planet with the spectra of different terrestrial substan- 
ces we can determine what terrestrial elements exist in 
the atmosphere of the celestial body; or again, after 
having done this, the spectroscope can be used to 
measure the velocity with which the star is approach- 
ing the earth or receding from it. 


MOTIONS OF STARS IN THE LINE OF SIGHT. 


It is this latter problem that I wish to speak of in 
order to describe some recent discoveries made with 
the great telescope. The instrument has been used in 
the other fields just mentioned with correspondingly 
important results, but lam now concerned with this 
latter field only. 

Let me briefly explain how it is that the motion of a 
star toward us is to be determined by merely lookiag at 
its spectrum. Light is composed of myriads of waves 
moving with a constant velocity through space in all 
directions from a luminous body. We see the body 
by means of these waves, which enter our eye and 
fall upon the retina. If there are 500,000,000,000,000 


* “ Vanitie of Sciences,” cap. 17. 








waves per second entering the eye we call the color of 
the object red. If there are 750,000,000,000,000 waves 
we call the color violet. If there are waves of various 
num bers bet ween 500,000,000, 000,000 and 750,000, 000,000, - 
000 all entering the eye at once, we call the object 
white. The’ spectroscope spreads out the light from 
the object into a colored band or ribbon, with the red 
light all at one end, the violet all at another, and with 
the colors orange, vellow, green, blue and indigo arrang- 
ed in order between them. The white light which we saw 
with the eye has been analyzed by the spectroscope 
into its constituent colors. Suppose we should look in 
this way atastar which was always at the same dis- 
tance from us; and suppose further that we could 
draw a pencil line across the ribbon of its spectrum at 
the middle of the violet, for instance. This pencil line 
would mark the place—the color—which is formed by 
light waves which reach us at the rate of 750,000,000, - 
000,000 waves per second. Let us suppose another pen 
cil line drawn above the first just outside the spectral 
ribbon, thus: 








Fi@. 1. 
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The long rectangle is the star’s spectrum with its 
colors in order. A is a line which slness stays in the 
middle of the rays which form the violet. B is a line 
(a piece of fine wire, for example) which we have put 
- the spectroscope itself, so that A B is one straight 
ine. 





CONDITIONS OF THE OBSERVATION. 


We wust imagine the real state of things as follows : 
In the first place there is the star in space, millions of 
miles away (but always at the same distance from us), 
shining to the eye with white light. That is, sending 
to us waves of all wave lengths between 500,000,000, 
000,000 and 750,000,000,000,000 per second. The whole 
of space between us and the star is filled with such 
waves. When they come to the spectroscope they are 
spread out into the colored ribbon which we see. 

Now, let us suppose that at a certain instant the 
star begins to move directly away from the earth with 
a very great velocity—say at the rate of fifty miles per 
second or more. Its physical condition is not changed. 
It continues to send out rays of all wave lengths. It 
is still a white star to the eye. Its spectrum will con- 
tain all the colors from violet to red. But there will 
have been a change. The particular rays from thestar 
which (in Fig. 1) formed the violet (with the pencil 
line A among them) wil! not form the violet in the new 
spectrum. Why? They formed violet because 750,- 
000,000,000,000 of these rays came to the eye in a second. 
But the star is moving away from us so rapidly that 
these particular rays take longer to reach us (their 
velocity of transmission in space is not changed) and 
fewer of these rays come to the eye in a second. The 
rays have not changed, but the sensation of color 
(which isin our eyes) has changed. These particular 
rays no longer form the violet, but have moved down 
in the new spectrum, which we see, toward the indigo. ° 
Fig. 2 represents the new state of things. Remember 
that the line B is fixed in the spectroscope and does 
not change. 

Fie. 2. 


The star is moving away. | 
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Evidently the faster the star moves away from us, 
the greater will be the distance between the lines A 
and B—the displacement of A. If the star should be 
moving toward us, then A would be displaced on the 
other side of B. The amount of the displacement 
measures the velocity of the star's motion. 

Now, we cannot draw a pencil line (A) among a bun- 
dle of rays which comes from astar. But nature has 
done this for us. The spectra of stars are usually 
erossed by five black lines, which are due to the ab- 
sorption of certain rays in the star’s own atmosphere. 
Nothing is more certain than that these rays always re- 
main in fixed places in the star’s own spectrum. But 
they do not remain in fixed places inside the spectro- 
scope. They change from right to left as we look at 
different stars. he A of one star is always a cer- 
tain (excessively small) distance to the left of B; which 
shows that this star is moving away from us. The A 
of another star is always to the right of B, which 
shows that this second star is moving toward us. 


SPECTROSCOPIC OBSERVATIONS. 


Such is the essence of this extremely beautiful 
method. Itis simplein theory. It is amazingly del- 
icate and difficult in practice. It was first applied by 
Drs. Huggine and Miller in 1866 and it has been steadi- 
ly followed at Greenwich for wauy years. Professor 

ogel, of Potsdam, formerly made many weasures of 
the sort, and he is now engaged in doing the same work 
by photography with great success. 

he method we have just described has been used to 
determine the motions of a few of the brighter stars 
toward or from the earth. Leaving out of considera- 
tion for the present the most recent observations of 
Professor Vogel and those at the Lick Observatory 
(which form a separate group of themselves), we may 
say that the results attained, while they are most inter- 
esting, have been very disappointing in regard to pre- 
cision. For instance, the results for the wotion of the 
bright star Arcturus obtained in Greenwich in 1885 
vary from 13 to 70 miles per second. The average is 
about 44 miles. In 1886 the separate results vary from 
21 to 71 miles, and the average for the year is about 40 
miles. The method employed is correct, but the diffi- 
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culties in the way of employing it are so great that 
small telescopes entirely fail to give accurate results. 


ADVANCE IN STELLAR SPECTROSCOPY. 


In making the designs for the great telescope the 
wants of stellar spectroscopy were kept prominently in 
view, and since the telessope has been in active use 
Professor Keeler, who is in charge of the spectroscopic 
work, bas wade a great number of such measures; It 
was expected that the large size of the telescope would 
vastly increase the accuracy of such determinations, 
but I think none of us were prepared for the amazing 
precision of the results. There is, fortunately, an 
easy test of accuracy. The motion of the planet 
Venus toward or from the earth can be precisely cal- 
culated from its known orbit. It can also be measured 
with the spectroscope. The agreement of the two re- 
sults shows just how far the spectroscopic evidence 
can be trusted. 

I will quote four measures of the motion of Venus 
made in August last by Mr. Keeler: 

The observed motion was 7°3, 8°3, 9°3, 7°5 miles per 
second. 


The real motion was 8°1, 82, 82, 82 miles per 


second. 

The error of the spectroscope was 0°8, 0°1, 1°1, 0°7 
mile per second, 

That is, we may say that we can be sure of weasur- 
ing the wotion of Venus or of a bright star within 





less than one mile per second, The Greenwich errors 
are vastly greater. For instance, the star Arcturus, 
which was found at Greenwich to be approach- 
ing us at the rate of forty-odd miles per second, is in 
fact only moving at the rate of four miles, and so on. 
The enormous advantage of the great telescope over 
smaller instruments nowhere shows better than in 
such work. The observations at Greenwich were made 
as well as they could be made with their apparatus, 
but the power of Mr. Lick’s gift to science has shown 
itself here as well as in other fields.* 


MOTION OF THE SOLAR SYSTEM IN SPACE. 


These preliminary observations show the new field 
which is now open in this direction. The method of 
research was completed long ago, but one of the tri- 
umphs of the great telescope has been to show that an 
unheard of precision can be attained in its application. 
An entirely new scale of accuracy has been established 
by these observations of Professor Keeler, and .an en- 
tirely new set of problems can be attacked and solved. 
If we can weasure how fast a star is approaching the 
earth, we can turn the problem the other way, and de- 
termine how fast the earth and the solar system asa 
whole is moving toward the universe of stars as a whole, 
We shall be able to fix the direction and the velocity 
of the flight of the solar system through space. 

This is one of the problems now in hand, and it is 
being prosecuted as rapidly as the limited force of ob- 
servers at Mount Hamilton will allow. Mr. Lick pro- 
vided a magnificent equipment of instruments, but left 
us with a very inadequate endowment fund. 


MOTION OF NEBULA TOWARD OR FROM THE 





KARTH. 

All of the preceding explanation has been necessary 
before it was easy to explain the latest of the results at- | 
tained by this method. But the reader will now read- | 
ily understand how it is that, the spectroscopic obser- 


determined with what velocities they are moving. It 
would indeed be strange if these bodies, which we 
know to be closely related to stars, were not in motion. 
But all the observations of the most skillful spectro- 
scopists up to this time have not been able to show it. 
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Fie. 2.—TRANSVERSE SECTION AND PLAN OF 
A PILE PIER, 





vations made at Mount Hamilton (all by Professor 
Keeler) have beea extended to those distant gaseous 
masses which are called nebula, how it has been shown 
that each of these is in motion, and how it has been 











* It ought to be said that the new photographic methods employed by 
Professor Vogel promise to give most admirable results. These are as 
yet unpublished, but they agree so far as we know them with our own 





brighter nebule# have been determined. The smallest 
motion is a little over one mile per second, and the 
greatest is about thirty-eight miles. The error of each 
determination can hardly be above two English miles 
per second. 


WHAT THE BIG TELESCOPE HAS DONE 


It thus appears that the great telescope in the skill- 
ful hands of Professor Keeler has removed one more of 
the mysteries with which the nebule# have been sur- 
rounded. It was theoretically certain that they would 
be found subject to the same laws as the stars which 
are (sometimes, at least) formed from their progres- 
sive condensation. The theoretic certainty has now 
become a practical one. The motions of the nebulx 
have been measured, and, as I have said, one more 
mystery has been removed from them. 

The ick Observatory has been in active existence 
for a little more than two years. Its work extends into 
many fields, and much, perhaps too much, is expect- 
edofit. It is a satisfaction to those officially connect- 
ed with it to be able to chronicle a decided step for- 
ward in a path which was beset with such difficulties 
that it has so far been practically untraveled. I hope 
to have made it clear that the path is now open and 
the way plain.* EDWARD S. HOLDEN. 

—W. Y. Herald. 








|| THE SIPHONS OF ST. LOUIS ISLAND, PARIS. 


THE purification of the Seine, where it passes through 
Paris, is being pursued with a perseverance that ought 
to disarm criticisms, were they less systematic. 

Thus, for some days past, the sewage water of a 
populous quarter that emptied freely into the river in 
the very heart of Paris has been turned into the 
large collector of the right bank and led out of the 
precinct. 

St. Louis Island has just seen its sewage system com- 
pletely transformed, so that instead of the nine dis- 
charges that formerly opened in the two arms that 
embrace it, a double siphon now collects all this water 
toward the down streaw point, traverses the Seine, and 
debouches in the quay collector. 

We shall not dwell upon the operation of leveling, 
which, although very important, offers no peculiarity 
worthy of note, but shall simply describe the siphon 
itself, as it is now installed, as well as the operations 
that permitted of the establishment of it. 

The Siphon.—The siphon consists of two riveted 
| boiler plate tubes of 4 inch and 16 inches diameter 
cross-braced at a distance of 11 inches from each other, 
and embedded in a mass of beton, 6 feet in width 
and 35 inches in thickness at 8 inches above the bot- 
tom of the trench. Its total length is 344 feet and it is 
divided into sections, as will be seen further along, and 
arranged as follows from Bourbon quay to Hotel-de- 
Ville quay : 

2 Straight sections of 814 and 24% feet. 

1 Curved section of 2514 feet with 65 feet radius. 

9 Straight sections of 23 ft. 

1 Curved section of 22 ft. with 50 ft. radius. 

1 Straight section of 10 ft. 

1 Curved section of 14% ft. with 50 ft. radius. 

1 Straight section of 30 ft. 

The connections with the sewers are effected through 
16 inch cast iron pipes. As the floor of the St. Louis 
| Island (Bourbon quay) collector is at the level of 98°48 
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Fie. 1—ASSEMBLING THE SIPHONS OF ST. LOUIS ISLAND. 


Indeed, it was hardly to be expected. The Greenwich 
results for the motion of Areturus are ten times too 
large, as we saw (forty miles instead of four), and it 
was clearly hopeless to expect to settle this question 
without an amazing increase in the precision of the in- 
dividual measures. This increase has been attained 
in the Lick Observatory measures, and already (in July 
and August of this year) the motions of ten of the 


prec 





ft. and that of the Hotel-de-Ville quay at 94°30 ft., the 
siphon has a fall of 4°13 ft. for a change of level, at the 
crossing of the Seine, of 21°7 ft. 

Putting in Place and Mounting.—The system of St. 
Louis Island includes a straight part of 209 ft. consist- 





* Those who wish to see a more scientific account of the work just 
spoken of can find it in the publications of the Astronomical Society 
of the Pacific, vol. 2, page 266. 
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ng of 9 sections, followed by a curved section at each 
extremity. The putting in place coasisted in the sink- 
ing of the whole, after the parts had been assembled, 
and of the adjunction, in situ, of the other sections 
and of the cast iron couplings. As there was nothing 
peculiar in this last operation, we shall merely describe 
the first, which presented certain difficulties and was 
performed with remarkable precision. 

The eleven sections of which we have spoken had 
been assembled on Port Celestins, above the Sully 
bridge, upon a framework stock inclined 2 inches to 
the foot. At the extremities of this sort of a bridge 
were arranged a pair of margotins (small rectangular 
flat boats frequently employed in work on the Seine). 
It was then only necessary to slide the siphon gently 
over the framework in order to fasten it to screw 
eranes carried by the boats between which it was to 
float. As the weight of the whole was about 16 tons, 
and the displacement 62 ft., an additional load of 8,800 
lb. was added in order to cause a submersion, the 
cranes having thus to divide but about 2,200 Ib. be- 
tween them. 

The train thus formed was left to the current and 
simply steered. The passing of the Marie bridge 
offered no rg: er but the same was not the case 
with the Louis-Philippe bridge, which it was necessary 
to pass under diagonally,the turning motion necessary 
for reaching the landing place at right angles with the 
river banks having had to begin a little above this ob- 
stacle (see plate, Fig. 3). The operation was so skill- 





KOCH ON BACTERIOLOGY. 
Tue Lancet of Aug. 16, 1890, gives a summary of the 
address of Koch at the Tenth International Medical 


Congress, in which he declared that he had not much 
that was new to tell, but he would make a prelimin- 
ary communication regarding the result of important 
new experiments. This communication, a reswme of 
which is published in the Medical and Surgical Re- 
porter, had reference to a remedy for consumption dis- 
covered by him, which, however, he would not name 
till his experiments were ended. The rest of his address 
was, says Science, an admirably clear account of the 
progress of bacteriological research. - 

Only fifteen years ago one regarded the micro-organ- 
isms occasionally observed in the bodies of diseased 
animals and persons more as curiosities than as 
things essentially connected with the disease; and, 
considering the great ignorance of their natare which 
then prevailed, this could not but beso. There were 
investigators, for instance, who declared bacteria to be 
crystalloid bodies, not living organisms. With the 
perfecting of the magnifying instruments, the applica- 
tion of staining, the propagation of orgauisins on nu- 
tritive media, culminating soon in pure cultivation, a 
rapid change took place. It became possible to dis- 
tinguish a number of quite definite sorts with certainty 
and to ascertain that they were distinctly connected 
with the diseases in which they were found. It was 
further ascertained that one sort of bacteria was not 





As to the etiological connection of the noxious bac- 
teria with ope ities, guiees opinion = at 
first against it, and strict pi was necessary. was 
necessary to prove in all cases that the disease and the 
micro-organism appear together ; that the micro-organ- 
ism in question does not appear in any other disease ; 
and that: the micro-organism, propagated outside of 
the body through several generations, always produces 
the same disease if it gets into the body again. Now that 
the etiological connection had been proved in this man- . 
ner in anthrax, tuberculosis, and erysipelas, and the re- 

of opponents broken, one might confine one’s 
self in further cases to the first two lines of proof. This 
proof had still to be given in the case of abdominal 
typhus, ague, leprosy, diphtheria, and Asiatic cholera ; 
butin the case of the latter it was already generally 
assumed that the cholera bacillus was the cause of 
cholera, As subjects of investigation for the immediate 
future, Koch designated the question whether the patho- 
genic bacteria live only in the body or outside of it too, 
and in the latter case only occasionally get into the 
body and cause disease ; also the manner of getting in- 
to the body, and their demeanor there. 

The next advance in bacteriology was the discovery 
of the poisons excreted by the bacteria, which were 
now regarded as the cause of death in fatal bacterial 
diseases, for the opinion that the white blood corpus- 
cles resist’ the bacteria was more and more jlosing 
ground. Koch then discussed the spore formation of 
some bacteria, and the influences of air, warmth, moist- 
















Fig.l. Profil en long du siphon 
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SIPHON OF ST. LOUIS ISLAND, PARIS. 


fully conducted, however, that it took but one morning 
to make it a success. 

The excavation had been made, and lined below with 
an eight inch layer of beton, and the coffer work was 
established down stream. As soon as the boats were 
made fast and the siphon was over the place where it 
was to be submerged, the framework was quickly es- 
tablished yma and, at the same time, three tim- 
ber piers (Fig. 2), spaced about 104 feet apart, were 
established in the center and at the two extremities. 
These piers were formed of 12 < 12 inch piles and were 
provided with vertical slides, also made of timber. 
The two tubes of the siphon were lashed to strong 
hooks, fixed to these slides and held by a chain that 
wound round a windlass fixed to the pier. When all 
was ready, it only remained to act simultaneously upon 
the cranes on the boats and the windlasses on the piers, 
and, four days after the siphon left Port Celestina, it 
eecupied its final resting place. 

The finishing of the filling of the coffer work was 
afterward effected, the operation being superintended 
and regulated by divers The sides of the exeavation 
were properly walled with stone and the pile planks 
cut down to the level of 75 feet. The work is now fin- 
ished, and a similar siphon is in course of construction 
fer the use of City Island.—La Genie Civil. 











: THE latest invention is clothing made of a fabric 
in which fine threads of cork are interwoven with 


wool or silk, which renders it impossible f 
wearer to sink in water, vielen, 





transformed into another: and the remarks of old 
writers on leprosy and consumption, for instance, even 
justified the conclusion that just ascertain diseases, 
presumably caused by micro-organisms, had remained 
unchanged, their germs also must, on the whole, have 
retained their old qualities. Within certain limits, in- 
deed, deviations of demeanor been observed in 
some bacteria, but that was the case among the higher 
plants too, without the varieties ceasing to belong to 
the species. The main gain of this period of research 
was the recognition of the fact that the thing was to 
discover as many morphological and biological qualities 
of bacterium as possible, so as to be guarded nst the 
danger of confounding various bacteria. here was 
still adanger of this with certain bacteria—the typhus 
and diphtheria bacilli, for example—whereas it had 
been removed in the case of the tubercle and cholera 
bacilli by the very exact investigations of these organ- 
isms. In their case too, however, the bacillus must 
never be determined by one mark alone, He had ex- 
perienced this in his own case, having for some time 
taken the bacillus of chicken cholera—for the special 
study of which he had not had material—-for a variety 
of the bacillus of Asiatic cholera, till a new series of ex- 
periments had convinced him of his error. Whether 
the germ of chicken cholera would have an injurious 
effect on human beings was still a question, and a 
question that would not easily be answered, as one 
could not well make direct experiments on human be- 
ings, but must wait to see whether the bacillus of 
chicken cholera would not one day appear in a human 
cholera patient. 





ure, and chemicals on bacteria. Direct sunlight quickly 
killed bacteria; the tubercle bacillus, for instance. 
Even daylight produces the same effect, though more 
slowly. Cultivations of the tubercle bacillus, propa- 
ga for from five to seven days at a window, died. 
Moisture was necessary for the growth of bacteria; 
moisture, however, on the other hand, hindered their 
spreading. A bacterium never rose: its transmission 
took place only by the flying of dust, if it remained for 
some time capable of life in dry air. By means of im- 
proved staining methods some knowledge of the inner 
structure of bacteria had recently been gained. There 
seemed to be an inner nucleus of plaswa with flagella 
proceeding from it. In certain infectious diseases-- 
measles, scarlet fever, and small pox, for instance—the 
presence of a pathogenic bacterium had not yet been 
proved. In hydrophobia, influenza, whooping cough, 
trachoma, yellow fever, cattle plague, and pleuro-pneu- 
monia of cattle, also, no specific bacterium had been 
discovered, though the infectious nature of these 
diseases was evident. And perhaps these diseases 
were caused, not by bacteria, but by organic para- 
sites belonging to quite another group of animated 
beings. In the blood of malaria patients protozoa had 
been found, which were now suspected of causing this 
and other infectious diseuses. Whether protozoa, 
the lowest representatives of the animal world, really 
deserved this suspicion, would have to be decided by a 
 sagage analogous to bacteriological pure cultiva- 

on. 

But now there remained the question as to what 
had been the practical utility of all these extremely 
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laborious investigations. The investigator, indeed, 
ought not to inquire after the immediate practical 
utility of his work. In the present case, however, the 
question was not entirely devoid of justification. Nor 
was it quite impossible to give it a satisfactory answer. 
Had not bacteriological investigation alone led to 
effective methods of disinfection? The value of 
water filtration, the question of the filtering qualities 
of the soil, of the fitness of surface water for use as 
drinking water, of the best method of constructing 
wells, the sterilization of milk (so important especially 
for the nutrition of infants), the investigation of the air 
in schoclrooms and in sewers, the proof of the presence 
of pathogenic bacteria in the soil and in the air, were 
all bacteriological questions or conquests. 


The diagnosis of isolated cases of Asiatic cholera ren- 


dered timely preventive measures, the discovery otf 
tubercle bacilli rendered timely therapeutic measures 
»0ssible. Besides these, indeed, only Pasteur's inocu- 
ations against hydrophobia, anthrax, symptomatic 
anthrax, and swine erysipelas, remained to men- 
tioned ; and the first of these probably did not be- 
long to bacteriology at all, though they had grown on 
its soil. ‘* But,” concluded Professor Koch, “it will 
not always remain so. Therapeutics proper will also 
derive benefit from bacteriology ; hardly, indeed, for 
diseases of rapid course, in which prevention will re- 
main the main thing, but certainly for slow diseases, 
such as tuberculosis. Others also, like Billroth, 
maintain this hope; but the mistake has frequently 
been committed of beginning the experiment on human 
subjects. I regard this as wrong, and look upon the 
alleged successes of various remedies, from benzoate 
of soda to hot air, as illusory. For years past I have 
been seeking means for the therapeutic treatment of 
consumption, but I began with pure cultivation of the 
bacillus. I found a number of substances—etihereal oils, 
tar pigments, mercrrial vapor, salts of gold and silver, 
especially cyanide of gold, for instance—some of which, 
like the last, even when very strongly diluted, prevent 
the growth of the bacillus, which, of course, suffices to 
bring the disease to a standstill. All these sub- 
stances, however, have proved ineffectual when used 
against the bacillus in the bodies of animals. I con- 
tinued my search, however, and found what I sought. 
Susceptible as the guinea pig is to the tubercle bacillus, 
it proved non-inoculable when treated with the sub- 
stances in question, and even when its disease was far 
advanced it could be brought to a standstill by this 
meaus. This fact may give occasion to search for 
similar effective remedies in other infectious diseases 
also, and here lies the field for an international contest 
of the highest and noblest kind.” 


THE STUDY OF MUSCULAR FATIGUE. 


Our knowledge of the physiological laws of fatigue 
has up to the present remained very imperfect, not- 





Fia@. 1.—MOSSO’S ERGOGRAPH, 


withstanding its importance. The first researches in 
this direction, among others those of Mr. Eward 
Weber and Mr. Helmholtz (to cite only the first in date) 
were made upon the muscles of the frog detached from 
the body. There was here, evidently, quite an un- 
favorable condition for study, which, it is true, other 
physiologists (Messrs. Hartnack, De Cyon and Richet) 
remedied later on by keeping up a natural or arti- 
ficial circulation in the muscles under experiment. 
However, the study of the fatigue of the muscles in 
man had as yet been done only by means of instruments 
such as the dynamometers and dynawographs generally 
employed and which are certainly inadequate for mak- 
ing a fine and accurate observation of the phenomenon 
in question. In order to satisfy the desiderata of this 
study, Mr. Mosso has recently devised an apparatus 
that permits him to apply to the subject in question, 
in all its rigor, the graphic method—the physiological 
method par excellence. 

Reduced to its simplest expression, the apparatus, 
which is called the ergograph, consists of (1)an arm 
rest designed to hold the fore arm in a horizontal posi- 
tion and to fix the wrist so that the fingers can move 
while the hand itself remains immovable ; (2) of a regis- 
tering slide consisting of a pen that is made to slide 
between guides by a cord attached to the finger (gener- 
ally the middle one) under experiment, and supporting 
at its other extremity a weight that may be varied. 
The movements of the pen are inscribed upon an or- 
dinary registering cylinder. 

When the weight raised by the finger is a trifle heavy, 
a special arrangement of the apparatus allows the over- 
burdened muscle to lift the weight only at the moment 
that itis contracting, the weight being supported by 
apparatus itself as soon as the muscular stress termin- 
ates. 

The line which passes throngh the summit of the 
contractions. which are inscribed at equal distances 
from each other, has been designated by Mr. Kro- 
necker as the curve of fatigue. It is found that there 
isagreat difference between the curves of fatigue of 
two persons, Not only has every person his own curve 














| 


eye. 

"Bavien an apparatus that permitted him to thus 
easily obtain the curve of fatigue of a muscle, Mr. 
Mosso proceeded to compare the fatigue caused by 
voluntary contractions with the fatigue resulting 
from contractions produced by the excitation of the 
nerves and wuscles. The curves that he obtained in 
this series of experiments did not represent the pro- 
gress of the fatigue for maximum excitation, for they 
were inscribed with acurrent that could have been 
further supported without pain ; yet, upon increasing 
the current, the amplitude of the contractions in- 
creased but slightly. In one of these experiments, the 
Bois-Reymond carriage apparatus made from 58 to 60 
revolutions per minute, and the nerve received 25 open- 
ing and closing shocks. In the space of two seconds, 
the nerve therefore remained excited j§ of a second. The 
middle finger under experiment was loaded with 400 
gramwes. Beginning with 1,50, eight successive tests 
were wade foreach degree of excitation, and then im- 
mediately afterward eight other tests for 1,750, and 
so on up to 3,250. For the excitation of 1,500 the 
muscle responded solely to the first foar tests ; the fol- 


lowing made the wusele contract well, but did not lift | 


the weight. The curve of fatigue thus changes greatly 
with the intensity of the excitations. When the force 
of excitation exceeds 3,000, the contractions become ir- 
reguiar; we may therefore consider the excitation of 
8,000 as maximuw, It is interesting, moreever, to 


witness the changes that are produced in the elasticity | 


of the musele, which, in strong excitations of from 
2,759 to 3.250, remains in aslight state of contraction, 
while in the beginning, at along about 
rather a tendency to elongate. 

It will have already been seen that no typical curve 
of fatigue exists. In reality, in a large nuwber of cases, 
the height of the contraction continues to increase, so 
that the summit of all the contractions is upon an ob- 
lique line. But when the weights lifted are not too 
light, the curve of fatigue preseuts in most cases a con- 
vexity turned either upward or downward, and some- 
times, even, in rare cases, this curve has the form of 
an @, 

The causes that make the profile of the curve vary 
are very numerous. In the first place there is the in- 
fluence of the weight lifted and that of the frequency 
of the movements; and then (and this is a very impor- 
tant condition) there is the preceding state of the mus- 
cle, rested or already fatigued. : 

Finally, there is the entire ensemble of the influences 
that may make themselves felt upon the, nutrition of 
the muscles or upon the activity of the nervous centers. 
When, therefore, it is said that every person possesses 
a characteristic type of curve of fatigue, that cannot 
evidently be understood unless we regard the general 
conditions of the organisin identical. 

Psychical influence, moreover, does not appear to be 
the sule factor, nor even the wost characteristic one, 
of the curve of fatigue. 

If the phenomena of fatigue have their seat in the 
periphery, that isto say, in the muscle itself, it is there- 
fore necessary to admit that the latter has an energy 
and excitability peculiar to it that it expends independ- 
ently of the excitability and energy of the nervous cen- 
ters. We must, therefore, recognize the fact that how- 
ever complex be the psychical act which is the origin 
of a series of voluntary contractions, the very function 
of the muscles is no less complicated, and that the 
changes that supervene in their state are equally char- 
acteristic and variable. The most unlooked-for and 
interesting result of these first experiments made with 
the ergograph is to have restored to the periphery and 
the muscles certain phenomena of fatigue that were 
believed to be of central origin and essentially con- 
nected with the functions of the nervous system. 

Every one knows from his own experience that when 
the same muscular exercise is repeated a large number 
of times, there is a great difference between the effort 
of the first contractions and that of the last, when 
fatigue makes itself felt. So, too, in working with the 
ergograph, itseems as if the weight always becomes 
heavier, and, with fatigue, grows the intensity of the 
nervous excitation, which ends by extending to other 
muscles. 

Finally, the circulation is modified along with the 
respiration, and the secretion of perspiration is profuse. 
Mr. Mosso has endeavored to inscribe the curve with 
which this nervous effort increases, in measure as the 
fatigue increases, and has constructed to this effect an 
ingenious apparatus that he calls the ponoweter. 

This apparatus (Fig. 2) is, upon the whole, merely an 
ergograph in which the weight to be lifted is replaced 
by a lever actuated at one extremity by a sort of bolt 


moved by the finger under experiment, and carrying | 


at the other extremity a movable weight which makes 
its resistance vary, as in the steelyard. 

In the experiments made with this apparatus, it is 
seen that the muscle works under load only at the be- 
ginning, for a very short time (which can be lengthen- 
ed or shortened at will by regulating the length of the 
contact of the bolt), and that it works to no effect on 
finishing the movement of flexion of the finger. 
inseribe, then, in addition to the effective work, the 
motion that succeeds it when the weight that it has 
lifted all at once fails the finger. 

The curves given by this apparatus, compared with 
those given by the ergograph, demonstrate the fact 
that the nervous effort increases progressively, while 
the mechanical work produced by the muscle tends to 
diminish with fatigue. 

Messrs. Dondors and Mansvelt had already observed 
that if the forearm be suddenly freed of a weight that 
it has held for some time, the hand rises so much the 
higher in proportion as the duration of the contraction 
has been longer. But these authors had not concluded 
a this that fatigue renders the muscles more exten- 
sible. 

In order to dissociate the influence of central origin 
from the peripheric action in this phenomenon, Mr. 
Mosso inscribed the curve of fatigue with the ponome- 
ter while he was irritating the median nerve. In this 
experiment, according to a doctrine upheld by Messrs. 
Weber and De Volkmann, we should have expected to 
find a diminution in the elasticity of the muscle by 


of fatigue, but this curve, as has been remarked by Mr. | virtue of which it would have become more extensible ; 


Mosso, preserves itx characteristic type in the same per- 
son at several years interval. 
In one observation made by Mr. Mosso, he saw the 


but, on the contrary, the elasticity became greater. It 
is, therefore. probable that the electric excitation of 
the nerve produces a contraction of the muscle. At 


museular vigor diminish in a mau (a mechanician of ‘all events, the difference between the ascending curve 


the laboratory) as a consequence of an affection of the} inscribed with the ponometer when the will is acting 


2,250, it has | 


We | 


and the descending curve that succeeds it when the 
nerve is excited by electricity ix very likely the pro- 
duct of the increase of the nervous excitewent that the 
| centers send to the muscle in measure as the waterial 
conditions of the contraction become wore difficult in 
| consequence of the progress of the fatigue. 

‘The experiments made with the ergograph show that 
the work performed by the wuscles under the influence 
of an excitation of the nerves is superior to voluntary 
work. With the will we can make greater stresses and 
lift very heavy weights, but the aptitude for work is 
quickly exhausted, and the nervous excitation becomes 
ivefficacious, while the artificial excitation of the 
nerves still keeps the muscles in action. 

The diminution of work in fatigue, then, does not 
depend solely upon an alteration of the substance of 
the muscle, and if the electric work is greater than the 
voluntary, it is because the fatigue of the nervous cen- 
ters has no influence in the first case, while in the 
second it renders us incapable of work before the 
muscle is exhausted. 

After observing that in muscular work the nervous 
centers also become fatigued, Mr. Mosso desired to 
| know what influence intense intellectual work would 
| exert upon the power of the muscles. An experiment 
| performed at the University of Turin showed a large 

diminution in museular power. In considering this 
|result, the first thought that presents itself to the 
| mind is that the fatigue in this case is really of central 
origin, and that if the will can vo longer act with force 
upon the muscles, it is because the fatigue of the 
psychical centers reaches also the motive centers. Yet 
another experiment made in substituting electric con- 
traction for voluntary contraction (all the other con- 
ditions remaining the same) gave curves entirely com 
| parable to those of the former experiment. This shows 
| that the phenomenon is much more complex than it 
| appears to be at first sight. and that, upon the whole, 
jas in psychical fatigue, the exhaustion is again peri- 
pheric, that is to say, muscular. 

Mr. Mosso has succeeded in proving directly that 
| fatigue introduces toxic substances into the blood. We 
| know that a dog's blood, under normal conditions, can 
| be transfused into another dog with impunity, and 
| without any particular sign being manifested by the 
| dog that receives the blood. Now, if we make a trans- 
| fusion of this nature, in taking the blood from a jaded 
|dog, and arranging the experiment in such a way that 

the two animals shall make an exchange of half or two- 
thirds of their blood, the dog transfused will show 
| himself to be tired and exhausted, and may be seized 
with vomiting. 

The presence of toxic substances in the blood of 
animals being thus demonstrated, we can accept it as 
a fact that in cerebral activity there are likewise 

| principles prejudicial to the function of the mus- 
| cles, that become distributed through the circulation. 
| There is here, at least, a simple explanation of the 
| peripheric fatigue that occurs in the wake of the nerv- 
ous centers. 





Fie, 2.—MOS8SO’S PONOMETER. 








The following are some observations upon the varia- 
tions in elasticity of the muscles under the influence of 
fatigue: We know that, in the hand at rest, the 
flexor muscles have a slightly predominant action, by 
reason of which the fingers remain slightly bent. With 
the ergograph, Mr. Mosso has in the first place been 
able to measure how much the fingers allow themselves 
to be distended when a cord carrying a definite weight 
is attached to the second joint; then he caused the 
fingers to make a series of voluntary or electric mo- 
tions until fatigue was produced, and he again weas- 
ured the mechanical elongation of the muscles under 
the traction of the same weight. Here the results 
| were variable, and the elongation after fatigue was 

found to be now greater and now less than the elonga- 
| tion in a state of rest, that is to say, the elasticity had 
| now diminished and now increased under the influence 
| of fatigue. 

| Finally, Mr. Mosso has endeavored to find what in- 
fluence a support may have upon the amplitude of the 
muscular contractions. For this experiment, it suffie- 
ed, by means of the mechanism designed for super- 
charging that we mentioned in the description of the 
|ergograph, to free the muscle of its weight at the be- 
jgiuning of each contraction. The curve obtained 
j}under these circumstances shows that the support, 
contrarily to what might be expected, exerts no effect 
upon the curve of fatigue. This result agrees with Mr. 
Kronecker’s observations, and we wust hence admit 
for wan what has been ascertained with frogs, to wit, 
that the fatigue remains the same when the excitations 
are constant, and that the difference of the weights to 
be lifted exerts no influence. 

This law is strictly true for the fresh muscle. How- 
ever, when fatigue begins to make itself felt and the 
energy of the muscle diminishes, the latter feels a slight 
advantage in the support that is offered to it, but the 
effect of such alleviation remains, upon the whole, 
winimom. 

Mr. Mosso also studied with the ergograph some ip- 
teresting points of muscular physiology, but, as these 
facts have no direct relation with the phenomenon of 
fatigue, we shall not dweil upon them. 

It will be seen from what precedes that the ingenious 
apparatus devised by Mr. Mosso has also given rise to 
important observations that will assure it an honor- 








abie place in the laboratories of physiology.— Abstract 
From Revue Scientifique. 
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WHAT A KNOCKOUT BLOW IS. 


“ How isa man knocked out ?” is a question often 
asked. Good fighters know what portions of their 
anatomy they must defend iu order to avoid being put 
to sleep, but few know the “inside” reasons why a 
blow on this or that point will send a man into the 
iand of unconsciousness. It is a simple thing when 
‘ou know it, like everything else, and to know it it 
isn’t necessary to go through the operation with your 
own person; in fact, an experience of that kind alone 
will give you no more information than you have now. 
The cause and effect, as explained by Dr. Philip E. 
Donlin, coroner’s physician, who has made the study 
of shock one of rare interest, and who has delivered 
lectures on that and relative subjects before the 
Medico-Legal and other societies, are something like 


this : 
"Phere are two divisions of the nerve that every man 





ON THE POINT OF THE JAW. 


has concealed about his person. One is the cerebro- 
spinal and the other is sympathetic. The first named 
is called that of animal life, because it influences the 
physical actions of man. It finds its harbor along the 
spine and in the brain, and influences one to make 
this, that, or the other action, such as a step forward 
or the lifting of a hand. It is the main division, be- 
cause it directly compels the brain to act, and, with- 
out the action of the brain, there is no life worth talk- 
ing about. The other is the ruler of the organs and 
blood vessels, and is known as the organic division. It 
has a close connection with the former division, 





THE BLOW BEHIND THE EAR. 


through departments, or “little brains,” that may be 
said to nest along the spine, and, upon due encourage- 
ment, communicate with the other, send the shock up 
along the spinal column, and thus affect the brain. 

In the animal life division, sleepfulness, or coma, is 
produced by a blow on or about the head. A ‘rap on 
the jaw” sends a shock to the brain which causes a 
rattling anda jumble that, for the time being, or pos- 
sibly permanently, brings about lifelessness by con- 
cussion. 

The blow to produce that effect may be delivered on 
the jawbone, whether near the chin, under or behind 
the ear, or anywhere near the base of the brain. 





ON THE JUGULAR VEIN. 


It doesn’t require a Hercules to deliver it either, so 
long as it fetches up in the right spot. Neither are 
bare knuckles nor skin gloves essential. On the con- 
trary, the man wearing boxing gloves can do the act 
inore successfully, for the reason that when he lands 
he can cover a greater surface of vulnerable space with 
the comparatively broad expanse that the mitten pre- 
sents than with the natural, uncovered hand. This is 
easily shown by the record of John L. Sullivan, who 
went about the country knocking people out in three 
or four rounds, several a week, in public exhibitions, 
where only the “ pillows” or four-oance gloves were 
permitted by the authorities to be used. 





THE HEART BLOW. 


Before Sullivan opened up his knocking-out career 


it was seliow that the putting of a man to sleep was 


heard of. ‘This is doubtless due to the fact that in for- 
a years London prize ring rules governed most bat- 


In these wrestling is permitted, and rounds are 
often quickly ended by a throw of one of the contest- 
= to the ground, before there is much opportanity 
or stand off, square hitting, as there is under the 


Queensberry rules, under which John L. made his 
name, 


There is also the blow on the neck, or jugular vein, 
that will bring about coma. This blow is delivered on 
the arteries of the neck, and drives the blood up into 
the brain in such a way as to create a havoc equal to 
the effect of the communication by way of the jaw. It 
is more or less of a case of swamp, in which the brain 
is overpowered by the flood and jar, and drops out of 
the performance of its normal functions. 

In the organic division, a blow over the heart will do 
the same work. In this case the force that lands on 
the body is carried into the heart, and instantaneously 
is spread to the ** little brains” alongside of the spinal 
column, and thence to the brain. The result is the 
same in each case. The causes are intricate in their 
workings, but the facts, as above stated, will give a 
general idea of how a man is knocked out.—VJ. Y. 
Sun. 


HOW TO ANALYZE FABRICS. 


A COMMON and ready way for finding the difference 
between animal and vegetable fibers is to burn some 
of the threads of yarnina flame. The vegetable fiber 
is composed of carbon, hydrogen, and oxygen, while 
the animal fiber, in addition to these, contains nitro- 
gen. By burning the threads used in testing the first 
mentioned fiber will result in carbonic acid and water, 
while those of the latter, or of animal fiber, will result 
in combinations containing nitrogen, which element 
readily makes itself known by its peculiar smell, or 
disagreeable odor, similar to burnt feathers. Another 
point, which it is well to note, is the rapidity with 
which the thread composed of vegetable fibers burns, 
as compared with the thread having an animal sub- 
stance as its basis. In the latter case, only a little 
bunch of porous carbon forms itself at the end sub- 
witted to the flame, and there is no flame, as in the 
case of the former. 

Another method isto untwist the threads, and note 
carefully the appearance of the released fibers. If they 
are wool fibers, they will be waved in exactly the same 
way as in the raw wool—the finer the wool, the greater 
the number of waves or corrugations that will be shown. 
On the other hand, cotton fibers will maintain the 
same straightness which they show in the raw state. 
We might, with advantage, employ the wicroscope, as, 
by this means, we shall be able more readily to de- 
termine what is the nature of the fibers under obser- 
vation. Under the microscope, wool fibers can be de- 
tected by the scales which are upon the surface, and 
which overlap each other afterthe manner of scales 
upon the back of a fish. This peculiar property be- 
longs to all qualities of wool and hair. Cotton, under 
the microscope, shows as a thin transparent ribbon 
twisted, without any of the scaly appearance noticed 
in the wool, while silk has the appearance of a glass 
rod divided in the middle. 

In some instances, owing to the effect of finishing and 
milling, and especially in the case of materials which 
have been previously worked up, the above tests may 
be unreliable, or so undefined that they cannot be 
trusted. In such cases, we should have a means of test- 
ing or analyzing that can be depended on, both to de- 
termine, at once and with accuracy, the class of fiber 
or fibers that we are dealing with and the quantities 
of each where two are mixed together. This can be 
done by a chemical analysis, that is, treating the cloth 
or fibers with acids or alkalies. 

To detect cotton or other vegetable fiber in woolen 
or silk fabries, one authority gives the following : ‘‘Boil 
the sample to be tested in a concentrated solution of 
caustic soda or potash, and the wool or silk fiber will 
rapidly dissolve, producing a soapy liquid. The cot- 
ton or other vegetable fiber therein will remain un- 
disturbed, even though boiling in weak caustic alkalies 
for several hours, care being taken to keep the samples 
below the surface of the solution during the opera- 
tion. If during this steeping process it is exposed to 
the air, the cotton fiber becomes rotten, especially 
when the exposed portions are also at the same 
time brought under the influence of steam. (Any 
cotton fibers remaining from the testing, if colored, 
may be bleached in chlorine water, and afterward dis- 
solved with cupra-amumionia.)” 

Professor E. Kopp gives the following test : ‘* Wool 
is only soluble in cupra-ammonia by theaid of heat. 
Concentrated acids, such as sulphuric, nitric, or, pre- 
ferably, hydrochloric, act in the cold upon silk, but 
not on wool. The dissolving properties of cupra-am- 
monia, on all vegetable fibers, make it one of the most 
reliable of tests. Cupra-ammonia is prepared by sus- 
pending strips of copper, in concentrated ammonia, 
ina large flask, tightly corked, and occasionally shaken, 
so as to bring the metal in contact with the oxygen of 
the air. By degrees, a tolerably concentrated solution 
of oxide of copper in ammonia is obtained, which dis 
solves cotton and other vegetable fibers, leaving ani- 
mal fibers untouched.” 

Professor Hummel gives the following test for detect- 
ing silk from wool or the vegetable fibers : ‘‘ The best 
solvent for silk is an alkaline solution of copper and 
glycerine, made up as follows: Dissolve 16 grains cop- 
per sulphate in 140-160 c. c. distilled water, and add 
8-10 grains pure glycerine (sp. gr. 1°24); a solution of 
caustic soda has to be dropped gradually into the mix- 
ture until the precipitate at first formed just redis- 
solves. Excess of NaOH must be avoided. This solu- 
tion does not dissolve either wool or the vegetable 
fibers, and thus serves asa distinguishing test.” 

Another method is given as follows : ‘* Concentrated 
zine chloride, 138° Tw. (sp. gr. 1°69), made neutral or 
basic by boiling with excess of zine oxide, dissolves 
silk slowly if cold, but very rapidly if heated to a thick 
gummy liquid. This reagent may serve to separate or 
distinguish silk from wool and the vegetable fibers. 
since these are not affected by it. If water be added 
to the zine chloride solution of silk, the latter is thrown 
down as a floceulent precipitate. Dried at 230° to 235° 
F., the precipitate acquires a vitreous aspect, and is no 
longer soluble in ammonia.” 

In testing either cloths or fibers, where wool or silk 
is mixed with vegetable fibers, the better test is to use 
caustic soda, as this has less effect upon the vegetable 
matter than sulphuric acid would have upon the ani- 
mal fibers—that is, if we subject a mixed yarn or cloth 
to the action of caustic soda, the soda would have, as 
shown in the above quotations, little or no effect upon 
the vegetable matter, while, on the other hand, if we 
treat it with sulphuric acid, there is a danger of the 





wool being affected by it, before the acid has entirely 


, . 


destroyed the vegetable matter, but itis best to be 
guided by the proportion of the two materials. If 
the cotton or vegetable matter predominates in the 
sample to be tested, it is better to use the alkali or 
caustic soda test, as it will destroy the wool or anima! 
matter without disintegrating the sample, and thu- 
allow the residue to be washed out without any fear o! 
any of the vegetable matter escaping. On the other 
hand, if the animal matter predominates, better re 
sults would be obtained with the acid test, but, in 
using the acid, care must be taken not to have it too 
strong, or to allow it to boil very long, otherwise some 
of the animal matter might be destroyed, 

If the samples are undyed, the process is very sim- 
ple, but, if dyed, the difficulties are increased, owing 
to the action of the acids used for mordanting, and 
the various coloring matters used in dyeing. These 
should be got rid of if possible, and, in most cases, 
subjecting the sauiple to boiling in a concentrated so- 
lution of hydrochloric acid will either remove the color 
or render the material subject to the tests to be ap- 
plied, but, after thus boiling, care must be taken to 
thoroughly wash away the acid and the impurities 
loosened by the process. 

The method we should adopt in the case of dyed 
samples would be to boil, for two or three minutes, in 
the hydrochloric solution, putting the sample in while 
cold, so as to allow it to penetrate the sample, then, 
immediately, to thesouabiy wash it, to allow it to dry 
in a cool, airy place, after which we should carefully 
weigh it, and then subject it to either the acid or the 
alkali treatment, according to the above mentioned 
rule. We should use about a 5 per cent. solution, and 
put the sample in while cold, and gradually raise the 
temperature to boiling point, and allow it to boil for 
two or three minutes, and then wash off and allow it 
to dry in a cool, airy place, soas to get it, as nearly as 
possible, the same temperature as before, when it is 
again carefully weighed, and the loss noted, and the 
percentage of loss calculated. 

One method generally adopted is to dry the sample to 
be tested in a copper oven, heated by a Bunsen burner 
to a temperature of 105° C., and then weigh it to test it 
in the above manner, and, after washing, to evaporate 
the moisture, and dry to the same temperature before 
weighing, so as to insure having the same amount of 
moisture on each occasion of weighing, but, when the 
sample is weighed at this temperature, it readily takes 
up moisture from the air in the process of weighing, 
and we find that, unless we get the accurate weight 
immediately, it will gain weight so quickly that, in the 
case of using a very small sample, our percentage of 
loss will be very far out. We should prefer (if the oven 
is used) to leave the sample in the air fora few min- 
utes after drying, so as to get it the same temperature 
as the balance or scales would be, and then to weigh 
it. By this means, we could insure getting the weight 
accurately, without its taking up woisture during the 
process of drying. 

Having stated at length the receipts and methods 
adopted by several authorities, we will give a complete 
analysis, as found by the above method, viz.: Drying 
the sample in a copper oven, and then allowing it to 
take up moisture from a room, at a temperature of 62° 
F. before weighing, and then subjecting it to the test, 
and again drying in the oven toevaporate the mois- 
ture, and allowing it to again dry in the air, before 
weighing it to ascertain the loss. 

Weight of cloth=8°0 grains. 

After treating with the caustic soda=2°67 grains, or 
331¢ per cent. cotton. 

ool dissolved in the process=5'33 grains, or 66% 
per cent. wool. 

Warp weighed 1°14 grains. 

After treating, 0°40 grain, or 35 per cent. cotton. 

Wool dissolved, 0°74 grain, or 65 per cent. wool. 

Weft weighed 3°4 grains. 

After treating, 1°05 grains, or 31 per cent. cotton, 

Wool dissolved, 2°35 grains, or 69 per cent. wool. 

In the above example, there is either more wool in 
the weft than in the warp, or else some of the short 
fibers of cotton have been lust in the working owing to 
there being less twist in the weft. If we take the warp 
and weft together, we find the proportion of cotton 
32°2 per cent. against 83°5 per cent. in the cloth, so that 
there has evidently been a sligint loss in separating the 
warp and weft from the cloth.—Jour. of Fabrics. 





THE CHESTNUT TREE. 


THE chestnut tree differs from other trees of the 
northern hemisphere in the fixedness of its characters 
The descendant in direct line of a species which flou- 
rished in the tertiary period in circumpolar aretic re- 
gions, and which later was widely distributed through 
the northern hemisphere, it has been affected less 
during the existing geological era by the surroundings 
of its home in the three coutinents than other widely 
distributed trees; and the chestnut tree of North 
America, the chestnut tree of the mountains of the 
Mediterranean basin and of the Caucasus, and the 
chestnut tree of Japan, are so nearly identical in all 
the characters which distinguish one species from 
another that they may be regarded as the same tree. 
Othes trees of similar ancestry, and especially its near- 
est botanical relative, the oak, have varied more or 
less as their surroundings have favored the develop- 
ment of varied forms, and now the vaks, the eims, the 
walnuts, the poplars, the willows, and the other trees 
peculiar to the northern bemisphere, have all adapted 
themselves, by the slow development of new forms, to 
support the altered conditions which have accompa- 
nied the topographical and climatic changes to which 
the earth has been subjected. 

That the chestnut tree did not share with other 
plants to the same degree the power of adapting itself 
to the altered conditions in which it was placed through 
the advent and retreat of the coating of ice which cov- 
ered so wuch of the northern hemisphere during the 
glacial period will account, perhaps, for the compara- 
tively restricted area which the genus now occupies 
and the paucity of its forms. 

In North America the chestnut tree is confined to 
the Appalachian region, reaching the coast of New 
England and the Middle States and the northern shores 
of Lake Ontario; it does not extend into the Florida 
peninsula or extend west beyond the hilly region of 
middle Kentucky and Tennessee. There oceurs, how- 
ever, in North America, where it is endemic, the second 





species of the genus, Thisis the Chinquapin (Castanea 
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pumila), which has a wider range than the true chest- | viz., from 1790 to 1800, the annual per capita con- 
nut has on this continent, although it does not grow | sumption of sugar in the United States was less than 


naturally north of Pennsylvania 
into Florida and west of the Mississippi River, where it 
attains its greatest development. Remnants of what 
is believed to have been the ancestor of this second 


species of chestnut have been recognized in the tertiary | 


formation of Alaska. 

The chestnut has been so generally cultivated in Eu 
rope for centuries that it is not easy to determine how 
much of its actual distribution there is due to the im- 
mediate action of man. It was at one time supposed 
that the home of the Old World chestnut was confined 
to the trans-Caspian regions, and that the Greeks and 
then the Romans had carried it into Europe. There is 
reason tu suppose, however, that the forests of this 
tree which cover here and there the mountain ranges 
from Portugal to the Caspian represent an indigenous 
growth, a view which would seem to be strengthened 
by the fact that such forests exist also on some of the 
mountains of Algeria, where it is hardly probable that 
the chestnut tree was ever cultivated to the extent 
which the entire naturalization of the species would 
imply. The chestnut is common in central Europe as 
far north as Britain; but it is reasonably certain that 
it was carried there by man in comparatively recent 
times. West of the Caucasus there is along stretch 
where the chestnut tree has not secured a foothold, It 
is not found in the forests of the Himalaya or in China, 
although it is more than probable that further investi- 
gation of the flora of the wonntain regions of the west- 
ern part of the empire will bring to light the presence 
of forests of chestnut trees similar to those which occur 
in Japan. 

The chestnut for centuries has been one of the most 
valuable food-producing trees of Europe, and the most 
eareful attention has been paid in Italy and France to 
developing the size and improving the quality of the 
fruit. The Romans, in Pliny’s time, distinguished 
eight varieties of chestnuts, and now the number of 
recognized varieties is very large. The cultivated 
chestnuts are divided into two classes, known in France 
a8 marrons and chataignes, the latter bearing about 
the same relation to the former as the crab apple does 
to the apple. Marrons are larger, more farinaceous, 
and much sweeter and more aromatic than the ordina- 
ry chestnut, and are the result of careful selection and 
cultivation, which has been going on for centuries. 
Marrons of the best quality are produced in central 
and southern France, although it is in Italy that the 
chestnut -is more used asan article of food than in 
other parts of the world. 

The chestnut must be considered one of the most im- 
portant North American deciduous trees, although 
several others grow over a much larger area and some 
of them attain to larger dimensions and produce more 
valuable timber. The chestnut tree, however, grows 
in America to a respectable size, and specimens often 
occur on the slopes of the southern Alleghany Moun- 
tains with trunks four or five feet in diameter. It is 
never, however, a very tall tree here, rarely attaining 
the height of a hundred feet. The trunk is generally 
short, dividing at a distance of twenty or thirty feet 
from the ground into stout spreading branches, which 
form a handsome, compact round head. 

The fruit of the American chestnat is small, but very 
sweet, and it shows a tendency to vary considerably in 
size and quality, showing that time and care only are 
needed to produce varieties which will equal in value 
the best marrons of France. The production here of 
the best varieties of chestnuts, however, can be ob- 
tained much more quickly by the introduction into 
the country of European varieties than by the slow 

rocess of selecting and developing the native fruit. 

he European chestnut, to be sure, is not perfectly 
hardy in the northern parts of the country, but it 
flourishes, however, and produces its fruit in the Middle 
and Southern States. The population of North Ameri- 
ca is still too scanty and food is too abundant here to 
make the cultivation of the chestnut tree on any large 
scale a practical undertaking at present ; but the time 
willcome when the mountain sides of all the Allegha- 
ny region, from Pennsylvania to Georgia, will find their 
most profitable employment in the production of chest- 
nuts for food. There is no part of the world which is 
better saited for the purpose, or one in which the 
chestnut tree flourishes with greater luxuriance. 

Thechestnut tree, too, produces wood of great value. 
Chestnut is one of the American woods best able to 
withstand the effects of decay when placed in the 
ground. This makes it one of the best woods for fence 
posts, and it has no superior for railroad ties, for which 

, especinlly in New England, it is largely used. 
ft ie also used sometimes in cabinet making. The 
coarse grain and large open ducts peculiar to this 
wood unfit it, however, for this purpose, and it is now 
less generally used than it was formerly in this way or 
in the construction of dwellings. 

The value of the chestnut as a timber tree is increased 
by the fact that the stumps of cut trees have unusual 
power of producing shoots which soon form trunks 
large enough for posts and railway ties, so that a forest 
of chestnut trees may be cut over every thirty or forty 
years and continue productive during several genera- 
tions. The American chestnut possesses a great deal 
of value as an ornamental tree. It grows rapidly even 
in light, porous drift, and soon makes a Rendvenee, 
round-headed specimen. It is very beautiful when it 
is covered early iu July with its showy yellow flowers, 
whose odor some people find, however, extremely dis- 
agreeable. Few insects prey upon its handsome glossy 
foliage, and the fruit, which grows and ripens in the 
short period of about two months and a half, possesses 
even in its unimproved condition considerable money 
value.—Garden and Forest. 


THE FUTURE OF AMERICAN AGRICULTURE, 


Ow this subject an address was lately delivered at 
Ovid, N. Y., by Dr. Peter Collier, Director N. Y. Agri- 
cultural Experiment Station. 

We wake the following abstracts : 

** I wish to be placed on record as predicting that to 
the best of my knowledge and belief we are about 
entering upon an era of agricultural prosperity, the 
like of which as a people we have never known, and 
which prosperity is to be permanent. 

** No people on the earth are to-day so well provided 
with the necessities or even lnxuries of living as are we. 

‘“* Now, during the decade before the present century, 


It extends, however, | ten pounds (9°65). 
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In 1840 it had increased to only 
It doubled during the next twenty 
years, being thirty-one in 1860, and during the past 
thirty years it has again nearly doubled, since the 
present annual per capita consumption of sugar in this 
country is nearly or quite sixty pounds. Can any one 
believe that with such a record there is reason to 
question the general prosperity of the country ? 

** As with sugar, so is it with many another article of 
consumption by our people. It is estimated that the 
per capita consumption of breadstuffs amounts annu- 
ally to an equivalent of fully eight bushels of grain, 
mainly wheat and corn, making the fullest bread 
ration of any nation in the world, as the statistician 
of the department of agriculture declares. Indeed, it 
is proverbial that as a people we are almost prodigal 
in our expenditures for food supplies. But I wish to 
call attention to the several points which to me appear 
to prove that we are upon the eve of what I believe 
will prove the golden age of our agriculture. 

* 1. Our population is increasing at the rate of 
nearly 3 per cent. a year. 

“2. Our consumers of agricultural products are 
increasing at a more rapid rate by far than are the 
producers. 

‘8. At present we consume 90 per cent. of our agri- 
eultural products 

“4. The average crop-producing capacity of our soils 
is diminishing in the United States. 

“5. From 1866 to 1886 the area devoted to our leading 
crops increased 127 per cent., while our population in- 
creased during this period 69 per cent.; and while every- 
thing points to the fact that our arable land is largely 
occupied, as witness the haste to possess Oklahoma, 
and the efforts to reclaim by irrigation the arid regions 
of the West, there appears to be no evidence that our 
population will not steadily increase. 

“At present 90 per cent.of our products are consumed 
at home, or 95 per cent., not counting tobacco and 
cotton. It scarcely appears as a hazardous prediction 
that within five years, and perhaps even sooner, the 
home demand may fully equal the supply of our agri- 
cultural products, and then, if we are wise, the 
farmers of the country will be the masters of the 
situation, and those words of Napoleon, that agri- 
culture is the basis and strength of all national pros- 
perity, will be recognized as sober truth.” 
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